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ADVERTISEMENT. 


Thjs Es-say was written as a cuutinuatiou of tlie Dissertations on the Progress 
of Mathematical and Physical Science by Professor Pi.ayfaik and Sir John 
L t3UE, which appeared in the later Editions of the ExcTci.op.*r)iA Bkitanmca. 
It is now reprinted for general circulation, in consequence of repeated appli<;n- 
tions to that elfect. Only n few inconsiderable alterations have Ijcen made upon 
it. For information ns to the plan of the Work, the reader is referred to the 
Introductory nia])ter. 
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DISSERTATION SIXTH. 


MATHEMATICAL AND PHYSICAL SCIENCE. 


CHAPTER I. 
INTROD0CTOKY. 
§ 1. On iht Plan of ihU 


n.) Tni year 1850 may be said to complete the Tliird cen- 
Modern tory of modern scientific progress, or the Fourth if 
wo include its earliest dawn. To each of these ages 
of discovery may be assigned a peculiarity in the cha> 
racter of its improvements, and even in the methods 
which conduced to that improvement 
( 2 .) Between 1450 and 1550 (a period so distinguished 
Pariod in letters and tho arts), some groat truths in physics 
14&O-1S50, mathematics had present^ themselves to a few 
precocious minds, yet they ba<l not received any 
public acknowledgment, nor perhaps an adequate de- 
monstration. Algebra then first became a science. 
Leonardo da Vinci made the earliest steps since the 
time of Archimedes, in rational mechanics, and Co- 
pernicus almost at the close of this period promul- 
gated the true system of the world. 

(3.) But tl»c next centenary (1550-1660) was the first 
Period of true scientific activity. Its characteristic feature 
IM0-16.»0. vindication of observation and experiment as 

the prime essentials to the increase of natural know- 
ledge, with the consequent repudiation of the dogmas 
of the schoolmen, and the baseless methods of d pribri 
reasoning. The men of science formed a goodly array 
at this stirring time ; and signal were their triumphs. 
Galileo was Iwyond all comparison the glory of his 
age. His sagacity, his knowledge, his versatility of 
talent, his ingenuity as an inventor, his success in 
prosecuting his discoveries, and his real and elo- 
quence in making known their importance, gave him 
an enviable pre-eminence even amidst a mighty gene- 
ration. Bacon laid down tlie canons of a new method 


in philosophy which Gilbert and Kepler, as well as 
Galileo, h^ already acted on. Napier aud Descartes 
pnqmre<l for the general application of mathematics 
in tho coming Rtmgglc. 

The hundred years which next siicceetled (1650- <*•) 

1750) saw the triumphant application of matbema- 
tics to Mechanics and Physics, and the establishment 
of the greatest mechanical theory of any age, that of 
Gravitation. The preparatory labours of a hundred 
and fifty years were brought, chiefiy by the unparal- 
leled sagacity and genius of Newton, to a speedy and 
daxzling climax. Uis success brought numerous and 
worthy labourers into the field, but they found enough 
to do in gathering in the harvest which he had pre- 
pared for them. 

If we look fur the distinguishing characteristic of (5.) 
the centenary jtcriod just elapsed (1750-1860), 
find it in this, — that it has drawn far more largely * 
upon Experiment as a means of arriving at truth than * 
hod previously been done. By a natural conversion 
of the process, the knowledge thus acquired has 
been applie<l with more freedom and Inildness to 
the exigencies of mankind, and to the farther in- 
veatigatioD of the secrets of nature. If we com- 
pare the now extensive subjects of Heat, Eloctri- 
city, and Magneiibm, with the mere rudiments of 
these sciences as understood in 1750, or if we think 
of the astonishing revival of physical and experi- 
mental Ojrtics (which had well nigh slmnbcred for 
more than a century) during the too short lives of 
Young and Fresnel, we shall be disposed to admit 


Digitized by Google 


[Disi. VI. 


2 MATHEMATICAL AND PHYSICAL SCIENCE. 


the former part of the etatcuient ; ooil when we rceoL 
Icct that the same period ha» pven hirth to the steam- 
engine of Walt, with it* application to i*>hippin^ and 
railway*, — to the gigantic telescope* of Ilersehel and 
Lord Rosse, wonrlcrful as works of art as well as in- 
struments of sublime discovery,— to the electric tele- 
graph, and to the tubular bridge,— we shall Iw ready 
to grant the last part of the proposition, that science 
aud art have been more iuclissolubly united than at 
any previous period. 

f6.) The Dissertation of Professor Playfair closes with 
period of Newton ; that of Sir John Jjcnlie, pro- 
J^Jy^j‘**®*^fessedly dcvutetl to the history of the eighteenth cen- 
tury, emhra«;s some matters which belong more 
prop«Tly to those which precofltd and followed it. 
After considering how I might l>c*l carry out the plan 
of these essays, 1 have adopted the period from about 
the year 1771^ to 18<>Q as the general limit of my 
review. We may im^no this period, of three quar- 
ters of a century preceding the present time, to l»e 
divided into three lesser intervals of 25 years each, 
which have also some (peculiar features of their own. 

(7.) From 1775 to 1800 many branches of science still 
rharuct*r continued in the comparatively ipert state which cha- 
^ ractcrizcd a great part of the eighteenth century. 

evDtury. There were, however, two or three notable excep- 

tion.*. One was the conlinui'tl successful solution of 
the outstanding difTicultics of the Theory of fJravity 
applied to the moon and planets, n task in which the 
continental mathematicians, and of these, in chief, 
Lagrange and Laplace, had no rivals, or even coad- 
jutors, on this side of the channel; Another was the 
foundation of Sidereal Astronomy by Sir William 
llerschel ; and the last was the commencement of a 
system of Chemical Philosophy liosed on new and im- 
|H>rtant cx(ieninnnts, and including the laws of heat 
in combination with matter, which ot that pcri«l very 
naturally rangc<l themselves within the province of 
the chemist. In this de|uirtmont two British and 
one foreign name stand conspicuous, Black, Caven- 
dish, and Lavoisier. I do not of course mean to affirm 
that other hranrhes of science were not cultivated 
with success within the exact period of which we 
speak. Electricity, for instance, ISrst statical, after- 
wan].* that of ll)e pile, hod a share in the discoveries 
aud speculations of the time. But these were rather 
themereextensionof what had previously l»cen thought 
of; or the first «lawn of future imjM>rtant results, whose 
development fills a lai^ space in the succxTcdingstory. 
Volta and his inventions belong rather to the nine- 
teenth than to the eighteenth century. 

( 0 .) The first quarter of the present century attained 
a higher and more universal culuhrity. ^nrcely a 
pfJuid branch of physical science hut received important 
Iftua lB 27 .aud even capital additions. Physical Astronomy in- 
deed, no longer fillet! so large a space in the page of 
discovery, simply because the exh.iustive lslx>urs of 
the geometers of the former |>criod had brought it to 
a stage of perfection nearly coKirdinate with tlie means 


of observation, and because, by the publication of the 

Celetts, Laplace Imd rendered available M^alqu® 
and precise the mosses of scattcrwl rcRcarch accu- ^ 
mulatcd by the labours of a century since the close 
of Newton’s career of discovery. It was in some 
sense a new book of “Principia,” — not, indectl, 
the work of one, but of many; nor of a few years, 
but of two generations at least. Still there it was, 
a great monument of RUccesHful toil, which, like its 
prototype, was for mauy years to he studied, oven by 
minds of the highest order, rather than to be enlarged. 

But the other branches of Natural Philosophy {».) 
were now to make a stride, such as {H.Thaps no pro- Experi- 
oeding time had witnesse«l. The science of 
was speodily expanded almost twofold, both in its 
facts and iu its doctrines. Galvanic Electricity dis- 
closed a senes of phenomena not less brilliant and 
unexpected in themselves than important from Uie new 
light they threw on the still dawning science of che- 
mistry, and from the power of the tool which they 
place^i in the hands of philosophers. Before the 
first quarter of the present ecnturv' closed, the import- 
ant and long suspected connection lictwceii Electricity 
and Magnetism was revealed, and its immediate con- 
sequences had Wn traced out with almost unjta- 
ralleled ingenuity and expedition. The basis of tlie 
science of Ra>Jiant Heat, slightly anticipateii by the 
philosophers of the eighteenth and even the seven- 
teenth centuries (Lambert and Mariotle), was finally 
lokl in a distinct form, assigning to the agent, Aral, 
an independent position dissociated from groasor 
matter, such as ii^At had long enjoyed. Astronomy, 
though enriched on the very first night of the new 
century by the discovery of a small planet, the he- 
rald of*o many more of the same class, made per- 
haps les* signal progress ; but Chemistry, I>cgides the 
aid it received from the invention of the pile, had a 
triumph peculiarly its own in the addition of the 
comprehensive doctrine of Dermite Proportions, des- 
tined to throw at some Inter time a steady light V)n 
the vexed question of the constitntion of matter. 

The great number of scientific names of the first or- 
der of merit concerned in these numerous discoveries 
marks the extraordinary fertility of the period. They 
are imperfectly comprehended in the following list: 

Young, Malua, Sir David Brewster, Fresnel, and 
Arago ; V’olta, Dalton, Davy, and Oersted ; Provost, 

Leslie, and Fourier; Gauss, Ivory, Olbers, Bessel, 
and Encke. 

Of the twcuty-fivc years just elapsed, it is not so (10.) 
easy to speak with iirecision. The voice of criticism 
may be fairly uttered with that reserve winch every 
one must feel in speaking of his immediate conteiu- 
porarics. Yet it may perhaps he stated without 
just cause either of offence or regret, that it has not 
on the whole Iwen characterized by the full maturity 
of so many commanding minds. Of the great dis- 
coverers of the former |x;riod, several survive! and 
continue*! their efficient lalwurs during no small j»or- 
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tiOD of the latter ; and a lew happily still remain to 
claim the respect and Timcration of their disciples 
and successors. But the vast steps so recently made 
in Optics, in Electricity, in Mag;netijm, in Thennutics, 
and in Chemical principles, tended of necessity to call 
forth such an amount of laborious detail in the do* 
lining and connecting of facts and laws, and the de- 
ductions of the theories started to explain them, as 
seemed to render fresh and striking originality some- 
what ho|)o]css, whilst they occasioned a vast amount 
of useful employment to minds of every onler of ta- 
Optics. lent. The undulatory Theory of Light, nobly blocked 
out by the massive labours of Young and Fresnel, 
has afibrded still unexhausted material to the ma- 
thematician on the one hand, and to the experimen- 
talist on the other; and ably have they fulfilled the 
double task, adding at the same time discoveries 
whose importance and difitcully would have made 
them still more prominent, had they not been the 
legitimate consequences of a still greater discovery 
already in our possession. Nearly the same might 
have been said for the sciences of Electricity, £lecUt>- 
magnetism, and Electro-chemistry, had not the com- 
Kirctriclty. parativc newness of the whole doctrine of these sci- 
liiat. ences, and the suddenness of their first rise, an<l, per- 
haps still more, the appearance of a philosopher of the 
very highest merit, Mr Faraday, who fortunately at- 
tached himself to this special department, made the 
last thirty years an almost unbroken periofl of dis- 
covery. Radiant Heat, too, has been successfully 
advanced by labours comparable perhaps to those 
which marked its first rise as a science, and some 
other topics connected with heat have risen into 
Afltrono. great and practical consequence. Astronomy has 
been prosecuted with a systematic assiduity aud suc- 
cess, especially at the British and Russian national 
observatories, which yields to that of no former pe- 
riod, whilst physical astronomy has been cultivated 
by methods of still improved analysis, and has 
achieved one triumph which Franco need not grudge 
to England, nor England to France, — so signal as 
to be placed by common consent in a position su- 
perior to any since the first publication of the theory 
of gravitation, more than a century and a half b<^ 
fore. This was the prediction of the position in 
space of a planet whose existence was unknown ex- 
cept by the disturbance which it produced in the 
Usgttvtiim. movements of another. Terrestrial Magnetism has, 
for the first time, aspired to the rank of an exact 
science. In on illustrious philosopher of Germany, 
it has found its Kepler ; and the combination of na- 
tional efforts in collecting reliable data from the re- 
* motest corners of the glol)C is characteristic of the 
Cbunlstry. practical energy of the age. Pure Chemistry has 
been cultivated with extraordinary assiduity ; but 
though some general principles have emerged, none 
are comparable, from their importance, to tbo dis- 
covery of Dalton. To cite, then, at present, but a 
few names, amongst the most conspicuous benefac- 


tors of scienoQ of the last, or contemporary period, are 
MM. Airy, Cauchy, Hamilton, and >IncCul)agh ; 

MM. Faraday, Mclloui, and Gauss; Sir John Her- 
schel, M. Struve, and Lord Rosso ; MM. Plana, 

Poisson, lioverrier, and Adams ; MM. Mitscberlich, 

Liebig, and Dumas. 

It seems to me impossible to exclude from a re- Gb) 
view, however slight, of oontemporory progress 
the exact sciences, the advantages which have accrued 
to them both dinx:tly, and, as it were, reflexively, by 
the astonishing progress of the Mechanical Arts. The 
causes, indeed, which called them forth are some- 
what difibrent from those which aro active in more 
altstroct, though scarcely more difficult, studies. 
Increasing national wealth, numbers, and enterprise, 
are stimulants unlike the laurels, or even the golden 
medals of academies, and the quiet applause of a few 
studious men. But the result is not leas real, and 
the advance of knowledge scarcely more indirect. 

The masterpieces of civil cnginocring— the Steam 
Engine, the Locomotive Engine, and the Tubular 
Bridge — arc only experiments on the powers of nature 
on a gigantic s^o, and aro not to be compassed 
without indnctiTC skill as remarkable and as truly 
philosophic as any effort which the man of sdeneo 
exerts, save only the origination of great theories, of 
which one or two in a hundred years may be con- 
sidered as a liberal allowance. Whilst then we 
claim for Watt a place amongst the eminent contri- 
butors to tho progress of science in the eighteenth 
century, wo most reserve a similar ono for the Ste- 
phensons and the Brunels of the present: and 
whilst we are proud of the changes wrought by the 
increase of knowledge during the last twenty-five 
years on the face of society, we must recollect that 
thosQ very changes, and the inventions which have 
oecasioned them, have 8tamj>od perhaps the most 
characteristic feature — its intense practicalness— on 
the science itself of the some period. 

Having thus briefly reviewed tbe course of disco- (IS.) 
very since tho latter pcMrtion of the eighteenth century, 

I proceed in the succeeding chapters to attempt t<>of Scmdm 
sketch it more in detail, dividing the sciences intoiatfaii 
groups, and in each of these endeavouring to present ^^7* 
a lively view of its progress by connecting it with 
the individnal career of tho eminent men who have 
roost contributed thereto, and introducing collaterally 
tho chief results obtained by their contemporaries. 

In this manner I hope, on the one hand, to escape the 
formality of a history of science, and tho meagre de- 
tail which our limits would prescribe to so vast a sub- 
ject ; and on the other to bo enabled to impress upon 
the reader (as seems to be the design of these Essays) 
the leading facts and features of discovery in every 
age, tc^ether with the intelloetual characteristics 
tbe greatest minds which contributed to it. 

It is with no overweening confidence that I lay the (13^ 
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6cb«B» of result of (his attempt before the readier. During the 
troatateot lengthened period of composition of this Dissertation — 
ject^*"***^ protracted by indisposition anduntownrd circumstances 
ofditferentkinds,! have had abundant Icisurcto reflect 
on the advantages and disadvantages of a plan which 1 
had sketched in the previous paragraphs, at the verv 
opening of in}^ task. I am aware that a r^id criti- 
cism awaits every attempt like the present. 1 am 
aware also, that it is far easier to deU«t real faults, 
especiallv of omission, than to make sufllcient allow- 
ance for tho exceeding difficulty and delicacy of the 
undertaking. I have but one ground of confidence, 
and that is so strong, that I trust it will enable mo 
calmly to meet every just critical reflection. I am 
conscious of having written in a spirit of abaolute 
impartiality whether as regards persons or subjocts, 
and that I have exorcised to the full amount of my 
opportunities what powers of judgment 1 possess. 
1 have striven to speak judicially and historically 
whether of friend or stranger, the dead or the living, 
Englishman or Foreigner. What I have felt the 
most constant effort, has been the noedful exclusion 
of meritorious names, far more numerous than those 
especially included and dwelt upon in these pages. 
But this has appeared to me the cardinal point of 
my whole plan. The labourers in sdcnce have been 
in these latter days so numerous, that hod 1 noticed, 
even briefly, every one who had ma<}e a real step in 
science, my pages must have been crowded by names 
and titles of books. Even with the extension of bulk 
to which this essay has gradually and unavoidably 
grown (nearly double of its projected amount), the 
render would rather have been bewildered than led by 
the perusal of such a catalogue. Besides, since such 
n brief historical synopsis forms very generally on in- 
troduction to the several articles of the Encyclop«lia, 
to repeat it all here would have been but a tedious re- 
dundancy. No one conversant with such matters will 
imagine that I ha\*e saved myself any labour by this 
particularity of selection. On the contrary, it would 
have cost no effort to enumerate under each subject 
the living or recently deceased authors upon it who 
are beat known ; such a detail must have left a vague 
and shadowy impression on tho mind of the general 
reader, and when regard is paid to the necessary limits 
of the essay, and the multitude of technical details aud 
technical words which there lino space to define and 
illustrate, it is plain that the perus^ must have been 
rendered as dry and unpalatable to those who sock 
general and elementary yet clear ideas, as it would 
have been tantalizing and unsatisfactory to the ac- 
complished student, or to the man of science in 
search of |Mirticu1ar historical details. 

(1^) The end at which I have aimed is to select tho 
more striking land-marks of progress in each subject 
in each age, and endeavour to connect them with the 
character and jKraition of all the more eminent dis- 


coverers, thus oemveying to the general reader suiE- 
dent informaUon on the limited number of particular 
subjects discussed, and interesting him not only in 
the science but in the individuals. Then, by a few 
slighter touches only, and the mention of some 
secondary names, to connect with one another these 
brighter periods of eminent progress, in whicli every 
country and every age feels a just pride. 

That by many I shall be considered to have dwelt (12.) 
too much on some eras of invention, and to have 
omitted others not less important, is a di^rence of 
judgment which it is impossible not to anticipate, 
but oiiually impossible to prevent. 1 will only add 
that 1 have endeavoured to extend my impartiality 
to tuhjecU as well as to ])crsons ; and that 1 have 
not intentionally dwelt longer on the topics of my 
own predilection than on those naturally considered 
by other persona equally or more important. Many 
subjects as well as persons familiarly known to me 
are scarcely, if at all, mentioned in these pages. To 
leave some definite and vivid impressions, selected 
solely for their importanoo, on the mind of my reader, 
has been the great object constantly before me during 
the composition of this work. 

It will be seen from the preceding paragraphs,^, 
that I have deviated in some respects from 
•cheme of my two distinguished predecessors in the th« prec«d- 
composition the Dissertations on Science, Professor ui»«r- 
Playfair and Sir John Leslie. The essay of the for- **‘‘®“* 
mer, which is the more finished and methodical, is 
admirably adapted to the period of tho history of 
sdcnco of which he had principally to treat; the 
period, namely, of Galileo, Bacon, Newton, and 
Leibnitz. But the amount of material was smaller, 
and the principle of selection was also much simpler. 

The positive science of that age might almost be re- 
duced to two heads, Astronomy, including its mecha- 
nical principles, and Optics. It was an age not more 
distinguish^ for the Truths it disclosed, than for 
the invention and right appreciation of the Methods 
of Discovery. Inductive Logic, and 31aihcmatical 
Logic applied for the first time to dynamics, very 
justly claimed a place in a dissertation on the pro- 
gress of science, in a period when these preliminary 
doctrines and discoveries were the stepping stones by 
which even the basement story of the Temple of 
Nature could alone be reached. The Philosophy of 
Bacon and the discovery of Fluxions, ocenpied there- 
fore, with much reason, a large portion of Professor 
Playfair’s beautiful Dissertation ; and it is impossible 
to regret that an intellect so admirably qualified fur 
tracing and displaying the intimate and historical 
connection of branches of knowledge so varied in 
their principles and character, should have been thus 
congenially cmpluyed, to the delight and cdificatiun 
of readers of every degree of acquirement from the 
highest to the humblest.^ 


* lo B«ntiooing Uie osme of mj diittngslsbed prrd»c«foor to ths Cbsir of Itottirml Phllo«opby in (be Usivvnity of Kdio- 

bvgb, 1 wiiliogljr uk« tbs opportaalty of aoUelDg, in s few wonU, his pecnllsr Bieriu, to which the Dissertation cooUioed in 
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Chap. I., § 1.] 


PL.VN OP THIS DISSERTATION. 


E d extended dom4m of the science of tbo 

hundred years enhances vastly the diHiculty of the 
mstvri^ snbjocta succinctly handled as one hy Mr Playfair. 

The mechanical and experimental sciences alone con- 
stitute a body ofknowlodgeso largo that it is arespon- 
■iUlily sufficient lor one person to attempt to 
them all, and to set forth in order the steps of pro* 
gross and improvement which have been so rapid, and 
even so startling, ^ince some of these have scarcely 
ns yet been historically digested, and the broad 
features of contemporary discovery have not been 
gradually separated by the judgment of an impartial 
posterity from those slighter though praiseworthy 
details, which lapse of time and advance of know- 
ledge will throw into the shadows of distance, — this 
difficult and most loborious task falls principally 
upon the reviewer. The length and breadth of the 
subject of Natural Philosophy, and the cumbrous 
and scattered depoaitories of knowledge in which 
its records must be sought, combine to render not 
only the undertaking an anluons one, but the 
result of it a good deal more bulky than might bo 
desired, or than was easily possible, in dealing with 
tho glorious, but compact, history of Newton’s age. 
It might be compait-3 to the difference between writ- 
ing a history of the Jews or Romans and that of the 
whole of modem Europe. 

(IS.) The mere raaguitude of tho undertaking, theni 
might well excuse me from entering upon the cog- 
nate, bat exceedingly distinct, subjects of the Logic 
of InductiTe Discovery and the progress of the Fore 


Mathematics. But an equally sound reason might 
be found in my consciousness of inadequacy to un- 
dertake, whatever had been the dimensions of my 
work, a threefold scheme of such magnitude and 
diffictiUy. 1 do not think that any one person could 
be found to treat the whole as it ought to be treated, 
and I am certain that I am not that person. 

One attempt — a bold and successful one — has (19.) 

been made, in our own day, to unite two of !f*^,"** 
three departments, — I mean tlie History and the 
Philosophy of the Inductive Sciences. An English art Mill. 
])hilosopher of wonderful versatility, industry, and 
power has erected a permanent monument to his 
reputation in a voluminous work bearing the pre- 
ceding title. ^ A slight inspection of that work will 
show how impracticable and self-destructive a plan it 
would hare been to attempt anything like a syste- 
matic abrhlgmcnt of such a mass of facts and 8|k*cu- 
UtioDS within our present limits. Mr J. Stuart Mill 
has also published a work bearing on the origin of 
our scientihe knowledge, diametrically opposed in 
principle to tbo preceding one, yet marked by great 
ability.^ Such disquisitions belong more properly 
to the philosophy of the human mind than of phy- 
sics. After ail, bo it remembered that whatever has 
been learnt or discussed concerning the means of 
arriving at truth in Natural Science, it is not pre- 
tended that we have recently become possessed of 
any canons or rules of discovery superseding those 
fundamental prineiplca of obeervation and experi- 
ment so well laid down by Bacon, and practised both 


tb« pr«Mot Totunw will bs»r «n sodaring leatimony. Plft^fur's ori^rimat contribotioos to ■eleoea w«r* oot ao murked wd ooful- Chaneter 
darabla aa to juftify n>a is Iscloding hU nasia io tbe conparativel; brief catalogue of diacoaorara cbroololad in tba aoccaedlog ofProfeaaor 
; bat bit affbrta ara. Darertbelaaa, dawrTing of notice, and indirectly wete parliaps hardly leaa beoaflclal. He waa a moat Playfair, 
paliaat and admiring atudent of tba greatest malheroatical writara of bia time, and. wbro we coaiidar tbe liagularly backward 
state of that aetenca in Great Hritain about the md of tba last and commencemeot of the praaeot cantaiy, it waa of no alight iok- 
portaaea to find a man placed la tfaa poaition of a public Inatructor abla and willing to direct alteotion to the aplendid achieva- 
menta of the continental matbanatlciaua. h'l lectutGaboth on Mathemallea and Natnral Philoaopby— bj bia lomiooua articlaa 
in tba £dii^wryk Rtwiew — by aoma of bia original papera In the TVaaaaccieiu </ (4« Roy«i Stxittf of ^iniuryk-—ti9 contributed 
to tbla uaeful end, and would have done ao «tUl farmer bad ho been enabled to complete tbe Oltearlation which be eo ably cois- 
meneed. Uc bad an excellent matberaatical capacity, and mathematicai ttuU, rather than power. UU explanatloae, even of 
maitera of inherent difficulty, are pertpicuoua and popular, quallUea pmeetaed by few of biacuntamporariea. Ilia atyla hu been 
pronounced by tbe bigbeat autborltica to be a model of dearnaaa and eloquence. He waa exteneirely read In aubjecu of meta- 
phytlci and morale, u well as of pure acleoce ; and by a combination of talent rare, I am inclined to eay. in a high degree, hie 
taate, though emLaantlj mathematical, waa alao directed witbaigoala«ficaaa(at Aral through hia intimate friendabip for Dr Hutton), 
to tbe very oppoaite atudiea of Geology and Phyncal Geography, which may be eaid to hare been tbe labjecte of hie predilection 
during the laet twenty year* of hla life. Nor were thaaa laboura of tbe cloeet merely ; be wai far more intimately veraed in the 
mineral atructura of tlm earth, from obeervation, than any except a few profreaed gaologtata; and he exceeded thrm all in the 
ability with which he expound^ and maintained the atrlking dociriaea of tbe Uuttonian theory. Though profeaeedly the *'Ulas- 
trator” of tbe prlnclplea apeelAeaily but obecurely laid down by Uuttoa, be eertdaly added much of hie own. There la ao rca- 
eon to doubt that Playfair Arat apprehended the moving power of glaciera ai geological agents In modifying tbe anrface of Alpine 
ooantriea, a matter which has of late bean so earnestly diacuseed by the ablaat gaologiats. 

Wbskt adda to tbe aingularity of tbe comblnatioD of taste* anid talents to which I have referred is, that he appeara to have 
had the aligbtcat poeelbl* taste for that art of expariment which be eloquently advocated, with Becen, as the grand tlistluciioo of 
modem Kionc*. I may be wrong In stating it broadly, but 1 do oot now reouUect a single sxperimrotal noveity, much less dis- 
covery. which we owe to PUyfalr. 1 mean in (he depaiiment of Natural PhilOM>pby; for we cannot inclcde barometrical mea- 
surements under this head, of which, indeed, it was the matiwmatical theory, and xMt tbe applleatloo to practice, which chieAy 
occupied bim. Tbe same was tbe east In Astronomy, which, of the medksnlc^ sciences, intrroeted him most. In two capacitlee he 
will be remembered, — Aret, es the eble, eloquent, and generally Impartial and accurate HUtoriao of Bcienee ; aeeon^y, as tha 
promoter, to so great a degree es to be considered e sceoed founder, of modem Dynamical Geology. He was much belied in 
privata life, end was singularly free from the tendency to earptag criticism and personal prejudice* sometimra, unfnrtaeately, 
found in men of letters. He was the intimate associate of Jeffrey and the other founders of the Edinburg Keview. 

His character bee been drawn in three words by Bir James Mackintosh, aad as happily contrasted with that of hie iilostrious 
friend :— ** ..... Playfair and Jeffrey ; tbe Arst a person very remarkable for unduritandlog, eslinness, and simplicity, tha 
Second more lively, fertile, and brlUlant than any Scotchman of letters” (L^« e/ Str James ifiie^iarMA, ii. 851). 

^ WbewcUs IKtUtry and PktUuopAy e( Me /adaetm Scitmtes, 6 rols. 6vo. * Mill's ^epw, S voU. 6vo. 
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beforo him and since hy Galileo, yowtoDf and their established, by the genius of Euler and Lagrange, on 
disciples. an impregnable basis. 

^ With regard to Pore Mathematics, and their pro- The intense, and praiseworthy, and successful (21.) 

grofs during the Ia.st seventy years, to the diflicultj lalwurs of their followers have been, then, chiefly d^ 
arising from the extent to which the review must have voted to the occupation of the fields of oonquest thus 
progrcM enlarged this Essay, and the enormous and dispropor- summarily opened; or, rather, to storming, one by one, 
mi^U***” labour it must have cost (a labour far greater fortresses still unredui^, after the main resisting army 

to the present writer than to one by taste and habit ha<l been first routed in the open field. To quit mota< 
more addicted to the stu<ly of merely abstract Ana- phor, the cflbrts of mathematicians have for many 
lysis), a ctmeluaive argument against their years been chiefly applied to rendering possible the 

intrrMluction into this historical sketch is to be found solution of problems involving quantities which ac- 
in the very nature of these modem improvements, tually occurred in the course of the rapid simulta- 
All sciences — but specially the abstract sciences — ncous advances of physical science. They arc in a 
tend to become more intensely technical the farther manner inseparable from the branches of physics in 
they are pursued. These especially are inca|Htblc of aid of which they were originally called forth, and 
popular treatment, although in their applications to will therefore be most properly ifotioed, however 
physical science they occasionally admit of it in a briefly, in the chapters of this Dissertation where 
very remarkable manner. The progress of analysis their application is considered. Some farther ohscr- 
cannot he even enunciated or cxprcs!M.*d but in the vations on this subject will Im found in the imme- 
languagc of analysis, and the History becomes almost diately auooecding seciion of the present Essay, 
a Treatise, or, if not a Treatise, something nearly as 

technical. It is partly for this reason that the his- In reviewing the progress of science — physical (22.) 

tory of the Pure Mathematics has so seldom been science in particular — during the last seventy 
even attempted to be written.* Mathematicians have, eighty years, I have thought it advisable not 
since the time of D'Alembert, been noted for being snbtlivide the subjects too minutely, and, following msUod 
more ready themselves to publish than to become nearly the arrangements of Dr Whewell’s excellent ®®(*®c*** 
acquainted with what others have done; and one con- treatise, alnrady quoted,’ I shall treat, in successive 
sequence of this has been the formation of a mathe- chapters, of Analytical Mechanics including Physical 
matical literature, able, profound, and original, but Astronomy as their loftiest and most successful ap- 
cumbrous, fragmentary, and full of repetitions.^ plication; of Astronomy os a science of observation ; 

Besides, the seventeenth century had attained tbo of Mechanics, with reference to the intimate oonsti- 
vantage-ground of those grand and striklDg im- tuUon of matter, including Hydrodynamics, Acous- 
provements in methods to which no subsequent im- tics, and Civil Engineering ; of Optics, or Light ; of 
provemenU, however real and ingenious, can by Heat, including the Daltonian theory of the gases 
possibility compare. We shall never have inventions and chemical elements; an<l, finally, of the large and 
comparable, in universality and importance, to the comprehensive science of Elcctro-roagnctism, includ- 
appllcation of Algebra to Geometiy, and the dis- ing onlioarv and Voltaic Electricity, Terrestrial Mag- 
cuvery of Fluxions. These also admit of being at nctism, and Diomaguctism the discovery of Dr Fa- 
Icost partly explained in language not obtrusively raday. 

technical, and have been so explained hy the facile pen The arrangement of the chapters is thus strictly (23.) 
of Playfair; but all subsequent discoveries have bWn Methodical; but in the subdivision into sections, 
but enlargements and Improvements on these pri- have allowed the Biographical principle to predomi- 
mary and distinguishing ones ; and before the date nate, thus giving as much as possible a historical psrtljr bio- 
at which our present discourse properly opens, oven character to the whole, and endeavouring to intro- 
the larger generalizations of Newton's fertile calcu- duce the reader to tlic intellectual acquaintance of 
lus — the method, namely, of Variations, and the in- the eminent men who are selected for notice on thu 
t'^gration of partial dilTerential equations, had been principles which liave been already detailed. In some 

* Speciin?a» of what a history of pars msthemstics would br, und most b«, ur« to he found in the uhle *' Reports'* of t)r 
Peocock snd Mr Leslie FJILs, in the Trsnsoctions of the British AModntion for 1833 SLOd for 1846. A glsnce at these profound 
and very techoirel eeseya will show the iiDpoesiblllty of e popular DMxle of treetment. whilst the difficulty and labour of pn>> 
dociag such summaries may be argued from their exceeding ferity in this or any other language. 

* The oelehrated l«agrangs, in bis later years, contrasting the mathematical worka of hU own generation with those which he 
studied when a youth, is said to have observed ” 1 pity the young matbcmatirlans who have so many theories to wede through. 

If I were to begin. I would wAstudy ; these large quartos frighten me too much."— (Tbomson's AnMols. voL iv.) And it b stated 
that whilst his owD most abstruse Investigatloos were conducted In Paris, be kept the perusal of M. Gauss’s writings for the tran- 
quil retirement of th« country, —a distinction tntcUigible enough between the intense effort of invention more than sustained by 
the vw piva of genius which prompts it, and the strain required to master the dead weight of reasoning Impoaed upon tba mind 
by the diieoveries of anotber. Dr Young, In bis biography of Lagrange, observes upon the voluminous methematical litereture 
of bis time, that** unless snnetbing be done to check the useless accumulatloo of weighty materials, the fabric of science will sink 
in a few ages under its own Insupportable bulk." The fact Is that a large proportion of the mathematical writlogs of evaa 
enuneot authors are in a few years forgotten, or only casually consulted on some matter of bistory. 

* /flHory and rhUof^fikg cf fhs fjvdacttvs Ht/imctt. 
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instances, however, it has been necessary to introdnce 
the same individual into two or three diflerent sec* 
tions, aikdevon into diflerent chapters, when his pur« 
suits have been in very various branches of science. 
This has been avoided, however, as much as possible, 
and a sacrifice has occasionally been made of the 
methodical order of the subjects, so as to combine in 
one view all that has made an eminent philosopher 
illustrious. Such little sacrifices of arrangement ore 


incidental to the way of treating the whole subject ; 
and it may bo hoped that its practical advantages, 
in the eye of the general reader, will bo found to 
compensate for its defects as they may appear to the 
more rigorous student For the sake of the latter 
especially, a short but comprehensive index of Names 
and Terms is prefixed, by which, I bclicvo, it will bo 
easy to trace all that is said of any one person or 
subject in any of the chapters.* 


} 2. On the relations between Mathematica and Natural Philotophyt and between the latter and 

the Mechanical ArU. 


(84.) The object of this Dissertation has little in com- 
CoaQ«ctioD tnon with an attempt formally to subdivide human 
knowledge into compartments, and to assign their 
phytic*, tnd boundaries with metaphysical exactness. It is chiefly 
Bedisalcal in their practical be^ng on one another that they 
must be considered. If one science, like Mathe- 
matics, furnish the only sure step towards the un- 
derstanding or the enlargement of another, as Astro- 
nomy or Optics, a practical link is constructed be- 
tween them, which renders the progress of the one 
not independent of the progress of the otlicr. The 
intimate and reciprocal connection thus subsisting 
between Mathematics and Physics is to be found in 
almost an equal degree between Pure Physics and the 
Mechanical Arts, of which we take Civil Engineer- 
ing to represent the department most cognate to 
that of Natural Philosophy, of which this Disserta- 
tion more especially treats. 

(25.) The history of the last seventy or eighty years 
®®ood»ri*t enforces this conclusion. The boundaries of Science 
Art are as undefinable as those of **foct" ami 
d«fio«d. “ theory,” or th«e which separate the kingtloms of 
nature from one another. There are arts which can 
hardly be called scientific, and there are others which 
have contributed more to the original stock of know- 
ledge than they over drew from it. These last are 
like the shoots of those tropical plants which at first 
are mere buds upon the trunk, and are Dourishe<l 
solely by ita jaiccs, but which, when they reach the 
ground, plant themselves there, and become not only 
the props and stays of the parent stem, but supply it 
from an ever-increasing area with the sap which they 
originally borrowed. 

(86.) 'Hko more closely we examine the subject, the more 
are we satisfied that it is impossible to toach scicuce 


rightly without teaching its applications; and that 
the limit to which we are to do so is a limit depend- 
ing solely on the judgment of the teacher, and on 
the special purpose of the lesson. But the prt>gress 
of science is a lesson learnt from the great hook of 
experience; and if wo are to feel the force of its 
teachings, wc must consult, not one, but many of its 
puges. Looking to the history of science since 1750, 
but especially during the present century, it is quite 
im|)ossiblo not to admit how large a share the sciences 
of application have hod in moulding tho direction of 
men’s thoughts and speculaUoiu, and in enabling, 
nay, compelling them to realize certain abstract no- 
tions far from easy of conception. Instances of this 
arc to be found in the force of percussion, tho co- 
existence of vibrations in air and other substances, 
and such notions of 6o<fy as wo derive from practical 
efforts of continually-increasing boldness to extend 
the scale of our constructions. 

The analogy of the relation between Mathematics (27*) 
and Physics, and of the latter to civil Engineering, is 
so close that tho three subjects might almost be re- 
presented as three terms of a continued proportion. lOOjew*. 
What the second is to the first may be affirmed of 
the third relatively to the second. Physics may 
exist, at least to a limited extent, w ithout a mathe- 
matical basis, as the art of construction long preceded 
a knowledge of the principles on which it is founded. 

But as knowledge advances it extends in both 
directions towards speculation and towards practical 
applications, but most towards the applications. This 
Bacon well understood, and he has consistently main- 
tained, that knowlc<lge, to be profitable to its cultiva- 
tors, must also be fruitful to mankind. And all tho 
history of science since Bacon’s day has read this 


* I bsT» borrowtd bet ipsrlnjtlj. in th* followiog pages, from Ibo •sitting compLUtioot on tbe hiitnry of •detice. ladovd, 
a wrlt«r who LatcDilt to make • lobjoet hit own b; » wdl-coatid«rfd, fundaneoUl plan of treating It, will um toeh work* prio- 
dpallj M a guide to kit own further inqulrirw, and to ataiat him la Mleeting the topic* worthy of fullttt diteaitloa. In thla 
ratptci l>r WbewtU’t tzcellcDt writing*, already cited, have been of great use to me; and la tbe ]>art]cular department of 
Attroaomy, I have often referred to Mr Grant'* valuable ilistory of that tcienco, a* well a* to the writing* of Delambre, and 
the very elaborate lllrtorieal Eeiay by M. Gautier, on the problem of tho Three liodiae, which it not, I think, ooGeed by 
Mr Grant, but which contain* a moat elaborate hiitory of the reeearcbee of Iiagrange end Gaplace. In optic*, X hare eontnlted 
the fyitemaUe tnoUtet of Dr Young, Sir D. Ilmwater. Sir J. Herechel. l>r Lloyd, M. Moigno, and M. Radicke ; and *o of other 
aubjeetj. Qehler** i^ynkolucJUe WorUrf^utky Fecbaer't K^pertorium, and that of Dove, afford a vait amoant of historical infor- 
mation. Tha TranaacUona and Proceeding* of the Tariotu •ocletiee, Uritiib and Foreign, have of course furnished a great part 
of my information. Such strictly biographical details as 1 have DMide use of, bare in general been very carefully taken irom 
the bwt acceeeible authority. 
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losscm more and more loudly in tbo cars of mankind. 
Tiie eni of Kewton and Leibnitz woe grandly distin- 
guished by the continually increasing applications of 
mathematics to physics, whereof Xewton was the great 
teacher; the century 1750—1650, whilst prohling 
hy the lessons of the post, baa added almost a new 
one in the eminently practical character of its science, 
and in tlie no loss scientific character of its practice. 
The result of these gradual modifications of human 
knowledge has not been in the slightest degree in- 
jurious to the real progress of the more abstract in- 
>'ot lnj«« gredient of tlio mixed sciences. Did mathematica 
•Ui^t flourish more vigorously tlian under Newton ? 

Bcicne*. physical science had greater triumphs than 

in die era of Volta, Watt, and Young? It was 
precisely l»ecause the new application of mathematics 
stimulated their growth, bemuse abstract relations 
of quantity were vivified by concrete solutions of 
physical problems, that a new geometry arose. 
Dynamics could hardly be said to exist as a acicnco 
without the invention of Fluxions as a language by 
which its conditions and results might bo expressed ; 
and from that time onwards, the necessities of the 
natural philosopher have been the prime sources of 
inspiration to the geometer, while the subjects have 
become so blended that a mere discoverer in mathe- 
matics has become a singularity. It would be hardly 
possible to point out any mathematician of the 
highest class since Newton, or but a few of the second 
c1a.ss, who have not contributed almost as much to 
physical science ns they have to analysis. Of purely 
mathematical discoveries, the great majority have 
been colled forth hy the immediate necessity arising 
from some problem requiring solution in astronomy, 
mechanics, optica, or heat. Lagrange’s method of 
Variations of arbitrary Constants in Integration, the 
artifices for thecomputadon of attractions hy Laplace’s 
coefficients ; the introduction of the method of fac- 
torials by Kramp in his solution of the problem of 
refraction, and numberless improvements in the 
Theory of Definite Integrals by Fourier and his suc- 
cessors, sufficiently warrant the statement, and show 
how richly the physical sciences have repaid to the 
purely mathematical ones the debt which they origi- 
nally owed. One other conclusion may be drawn 
from these and parallel facts. It is that the com- 
binations arising out of external phenomena are more 
suggestive of the possible relations of number and 
qu.'intity than is the most unlimited stretch of fancy 
and imagination ; and I believe it will bo conceded 
that, with few exceptions, theorems of the greatest 
value and l«auiy have been more frequently dis- 
covered during the attempt to solve some physical 
or at least geometrical problem, than in compre- 
hensive yet indoTmite attempts to generalize the re- 
lations of abstract magnitude. 

(S8.) These views are strikingly eonfirmod by the his- 


torical fact of the paucity of pare natbemadeians, Tfat pue 
and of distinct mathemadcal treatises of a strictly 
original character in an ago disdnguished by the 
ditfusion of mathemadcal knowledge, and in countries 
(likcFranco) most celebrated for its triumphs. There 
are nut, perhaps, much more than half a dozen 
really great mathematicians of the last seventy years, 
who have not left treatises more numerous and more 
distiuguished on physical science, treated mathe- 
matically, than on pure mathematics. Among tho 
exceptions which more imme<liatcly occur, are Monge, 
Legendre, and Abel. And of distinct treatises, whilst 
wo have the M4^anique tho Micanique 

CilfiUf the Thiorie de la CAofeur, and numberless 
others, containing precious mathematical develop- 
ments, in connection with the applications which 
suggested them, the purely mathematical memoirs of 
the same period are to bo sought chiefly in the form 
of detached essays, in the {Kmderous volumes of 
Academical Transactions. 

One point in the History of Mathematics bos espe- (S9.) 
cial interest for the English reader, and as such may 
he tonched upon here with reference to the pirogress 
of science for the last three quarters of a century. 

Tho national pride of England in the triumphs of 
Newton impelled her ablest mathematicians to at- 
tempt to carry forward the synthetic methods which 
he had chiefly used, at least in his published works, 
to tho more arduous and intricate questions of Me- 
chanics and Astronomy which presented themselves 
for solution in the course of the 18th century. Moo- 
laurin was almost the last Englishman of that period 
whoso mathemadcal writings came into direct com- 
petition with the rising schools of Germany and 
Franco. The labours of Matthew Stewart, and 
Simpson were mostly geometrical ; those of Landcn 
and Waring, though profound, created little general 
impression ; and, grailually, tlio extent and difficulty 
of tho foreign mathematics, increased by the use of the 
X,cibniuian notation of differentials which was ab- 
solutely unfamiliar in England, deterred almost every 
one even from perusing the writings of Cloiraut and 
D'Alcml^ert, Lagrango and Laplaoc. Of the conti- 
nental mathematicians, Euler was probably the best 
known, owing to the lucidity of his writings and 
their eminently practical tendencies. Some idea may 
be formed of tho negation of mathematical talent in 
Britain during tho later portion of tho last century, 
when we find D'Alembert declaring, in 1760, that if 
an Englishman is to be elected one of the eight 
foreign associates of the Academy of Sciences, he 
will vote for Earl Stanhope as the best mathemati- 
cian there, as he believes, not having read any of 
his works ! If tho choice was to be free, he should 
prefer M. do Lagrange 1 A more cutting, though 
unintentional satire on the state of Mathematics in 
this country could not have been written. 


* LvUert of emlnoat penoat, kddretsed to Dsvl«l Haae, edited hj Mr Dortoo, p. 215. 
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(W.) Xte commencement of a hotter era originated, early 

brld^ in the present century, with Woodliouse at Cambridge, 
Kdtob^b, and Playfair in Edinburgh, by both of whom the coii- 
aodDublio. tiuental methods were introdu«‘d into the studies of 
their respective universities ; whilst Ivory, a native of 
Scotland, waa the first to challenge, by his writings, a 
place in the list of greni living mathematicians. Thu 
systematic form of the M4carii<fue CiltsU rendered the 
subject more accessible than were the countless me- 
moirs by men of the highest name, which then filled 
the Transactions of Paris, Turin, Berlin, and St Peters- 
burg. But the Dotation of diflercntials, which could 
alone break down the barrier between the British and 
foreign mathematicians, was first introducetl at Cam- 
bridge by the efforts of Sir John Hcrschel and Dean 
Peacock about 1016, soon after which the transla- 
tion of Lacroirc's Differential CcUcultu, which they 
superintended, came into use as an university text- 
book. From this time the works of foreign mathe- 
maticians began to be more generally read, particu- 
larly the writings of Laplace and Poisson ; and 
within ten or a dozen years subseipiently, a few 
active and undaunted men, chiefly of the Cambridge 
school, such as Mr Airy and Sir John Lubbock, 
grappled with the outstanding difiiculties of physical 
astronomy, whilst a larger number applied them- 
selves to the most difficult parts of pure analysis, 
and acquired great dexterity in its use in the solu- 
tion of geometrical and mechanical problems. Such, 
for example, wore Mr Babbage, Mr De Morgan, Mr 
Murphy, and Mr Green ; and at Dublin Sir William 
R. Hamilton and Mr MacCullagh, whose names will 
occur in other parts of this Dissertation. 

'So new calculus or great general method in ana- 
resulted from these persevering labours, 
Inugra* whether of British or foreign mathematicians, but 
tioo. an increased facility and power in applying the ex- 
isting resources of mathematics to the solution of 
large classes of problems previously intractable, or 
resolved only indirectly or by approximation. Tho 
Integral Calculus, in particular, affords an almost 
boundless field for research, and each branch of 
science in succession— not only Physical Astronomy, 
but Optics, Heat. Electricity, and Civil Engineering 
— has offered problems of great importance, which 
awaited only the skill of the pure mathematician to re- 
solve in a practical and finite form.^ Every year, and 
every civilized eonunuuity, contribute to these real 
improvements. Tho principle of </»/cont»nuiiy, con- 
tiooa. - - -- — 


Bpicuously introduced into the doctrine of the con- 
duction of Heat in consequence of the abrupt varia- 
tion of physical circumstances at the boundary of 
the conducting body, enters largely into tho specula- 
tions of mathematicians of the present century ; and 
the doctrine of definite integrals so intimately con- • 
nectod with it has received a proportional extension. 

Next, analytical geometry has acquired a very great AoBlytic*i 
enlargement and by attention principally to symmetry 
in the arrangement of the results, solutions other- 
wise the most intricate are obtained with facility and 
directness. Of this we shall find exanralea in our 
history of the Undulatory Tlioory of LigAt. Lastly, The Cslco- 
notwitbstanding the pre-eminently practical charac- 
ter of the mathematics of the last age, speculative 
geometers and analysts have found time to discuss 
the metaphysics of their respective sciences, both as 
rt^rds the foundations of the Differential Calculus 
and as to the use of imaginary and other symbols in 
Algebra. An almost new branch of abstract scaenec 
(though faintly foreshadowed by Leibnitz) has come 
into existence— the separation of symbols of opera- 
tion from symbols of quantity^ and the treatment of the 
former like ordinary algebraic magnitudes. In some 
cases remarkable simpUetty is thus introduced into 
the solution of problems, although perhaps few ma- 
thematkians would choose to depend implicitly upon 
the method in untried cases. Sir John Ilerschel and 
tho late Mr Gregory* were amongst the most active in- 
troducers of this new algebra, but few of the more 
eminent living British or foreign mathematicians 
have failed to contribute their share to this more 
metaphysical department of analysis. 

I shall now attempt to consider more particu- (ss.) 
larlv the reciprocal relations of pure physical science 
and'the mechanical arts. ^ 

This is evidently a very intimate one. Tho dis-the arw. 
coverics of pure physics (such as Astronomy, Acous- 
tics, Magnetism), arc tho results of either o^rvation 
or experiment, and they consist in generalizations, 
by means of which a multitude of facts are reduced 
under one simple expression of a more general fact 
or principle. But instruments often very compli- 
cated are necessary for observatioa and for experi- 
ment ; as telescopes in astronomy, organs in accusties, 
properly magnetized and suspended steel bars in 
mi^ctism. Art is required to construct these. The 
highest possible degree of science, and the utmost 


> For cxsmp]« tbs LoctsiaD rroftaiw a( €ambH<)g«. Mr 8tok«a, baB effected two prevkMuly Impracticable UilegraUoaa, one 
oocBirlng in tbc theory of the rainbow, the other In that of railway girder bridgra. 

* Mr Dancan Gregory, a promising mathematicias who died Pebmary 1844, at tba early age of 90, waa the youogeat Mr Dtincaa 
son of t>r Janes Gregoty, tb« late distUiguUb«l rrofeaaorof Mtdicineat bdiob^h. HU name desert a pantng rsoord. not only Gregory. 
fh»n tbs inilasiBce he siarcUsd on the progrsw of the KnglUb mathematics of bis time, but as bavlng reeirsd tbs dormant ebane- 
ter for thla peculiar kind of talrnt, so long cormected with the family of Gregory. He was, in fact, tbs lineal descendant of tbs 
inventor of the rejlectiog telcBcnpe. Mr Gregory was the firtt editor of the Cambridge Matbsmatleal Journal, and anthor of an 
eacellcnt book of Fxamplre in the T>iffrrcatial and Integral Calculiu, both of which have exercised a beneficial inflnence on the 
progress of scienes in Eaglsod. He slso wrote sevaral original memoirs on the subjects rsferrsd to In the text Mrlisalis ElUs, 
a aaa of eongeolal ability, bu written a above bat pleasing biography of hU friend. 


10 


MATHEMATICAL AND PHYSICAL SCIENCE. 


[Dim. VI. 


(34.) 
Gr«at 
chicie&l 
invcntloQ* 
prMiuDB a 

knowledj^ 
of phjnlcal 

Uwf j 


(35.) 
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mccK&nlc&l skill, are Iwth indispcnsAbte to mako a 
telescope. A telescope then, though a mechanical 
invention, inasmuch as it is a dciluction from pbjr- 
sical principles, not an addition to them, is yet a 
deduction so ingenious — so farfrom obvious — so im> 
possible to be concaved accidentally or by a loose 
thinker, and floca-silymadc tbcinstnimcntof innumer- 
able discoveries of the highest novelty and grandeur, 
that no historian of science ever thought of omitting 
tliu invention of the telescope, or of giving it an im- 
portance inferior to that of a discovery, containing as 
it did the germ of so many discoveries. In like manner 
a theory of optics might be written in which a tele- 
scope need never be mentionod ; but would not the 
pedantry of such a work l>c obvious, or would any 
rcasonahle person wish to Icam science afUr such a 
fashion ? 

The clear co-orr/inofion of theparU of an inwnfion 
tovL'arda the attainment of a given result^ u'icA a due 
regard to natural lawi^ and the propertiee of Mesub- 
aianeee constitutes the merit of the invention ; 
and this merit may be irrcspoctivo of the precise im- 
portance of the end of the invention, which may be 
intended to promote science, or commerce, or con- 
venience, or even to satisfy mere curiosity. A tele- 
scope would have been a tclosco|>c still, could we have 
imagined it invented with no other object than a door- 
stalker's sport : and so contrivances which in their ori- 
gin and application seem remote from scientihe uses, 
constitute nevertheless real steps in the progress of 
knowledge. The steam-engine is one striking ex- 
ample. Originally devised with an exclusively com. 
roercial object— the extrication of the €k>mish mines 
from subtmancan water, it became in the hands of 
Watt, first an instrument for experiments on the re- 
lation of heat to matter ; next, in its improved form, 
a beautiful exemplification of these laws, and an en- 
during nioDument of the sagacity and skill of its 
author, as well as the most important inorganic 
agent which exists in modifying the social condition 
of the entire globe. Finally, to illustrate the posi- 
tion from which we started, it bcooracs the instru- 
ment of fresh discoveries. This very engine has a 
theory to be worked out, probably unimaginod even 
by its sagacious author — its operation as an agent for 
obtainiug power from matter by the application of 
heat, is shown to l»e in all probability a single case of 
a more general law, including all kinds of machines 
and all sorts of matter; and this more general theory 
of heat as a motive power leads, onco more, to new 
practical deductions, to the conditions under which 
such machines may be most us^ully constructed and 
employed.* 

Every instrument, every constmetion, which is 
founded on a theory, and in which a certain compli- 
cation of conditions is required to produce a certain 


result ; a telescope, for example, or a stcam-cDgine, 
or a bridge, is, in the 6rst instance at least, an ex- 
]>eriment. Few inventions arc so simple and straight- 
forward in their plan, are so independent of the seem- 
ingly capricious behaviour of matter under untried 
circumstances, or depend so entirely on physical laws 
thoroughly understood, that the inventor can await, 
without the pang — at least of impatience— if not of 
anxiety, the moment of the realization, by actual 
trial, of his hopes and Ms calculations. Wc can all 
reailily imagine the throb of anxiety with which 
Galileo pointed his glasses for the first time to the 
moon — with which Watt saw the cylinder of his A* to 
model exhausted, and the piston descend under the 
action of his separate condenser — and Stephenson, 
the stnpendous iron tube at Conway resting for the* 
first time straight as a ramrod on its two piers— 
these arc moments of anxiety and of triumph, which 
place the inventor of a machine and the architect of 
a structure on a par with the discoverer of a planet, 
or with the author of a theory. *' Whenever an ori- 
ginal mind produces new combinations of thought and 
feeling,'* says Sir James Mackintosh, with equal im- 
partiality and truth, “ whether its means be words or 
colours, or marble or sound, or command over the 
mighty agents of nature ; whether the result be an 
epic poem, or a statue, or a steam-engine, wc must 
equally reverence those transcendent faculties to which 
wc give the name of genius.*’* It is almost noodless 
to o<ld the caution, that such praise is only applicable 
when the invention is such as to call forth the qua- 
lities which distinguish the Philosopher. It is not 
the mere command over the agents of nature which 
challenges our admiration, it is the foresight, the 
patience, the conceptive faculty, the clear-sighted 
and confident anticipations of what will be the re- 
sults of natural laws acting in given circumstances, 
these circumstances being in some essential particu- 
lars Merely to adopt known contrivances, 

where experience has already anticipated the result, 
may exercise judgment, hut hanlly genius ; and to 
make contrivances in which the result depends rather 
upon laws of geometry than of physics, hardly come 
within the scope of these remarks. 

Watt's Parallel 3Iotion, perhaps the most inge- (36.) 
niotts of his inventions, would not have made a great 
reputation; nordoes the endless variety of machines 
used in the arts, as in spinning, printing, and paper- 
making, stand higher. It is when the inventor 
places Matter in new relations to Force, or derives 
power from new sources, or teaches Light or Electri- 
city to act under new conditions, that he becomes 
really n Mechanical Philosopher. 

It is not given to roan to endue matter with new (37.) 
properties, or to prescribe the laws under which hia^*^^** 
inventions arc to take effect. A new motive power, ^ 


* 8m Cunot, P^iurtnt4 ifotries dm Feu, sod tbs writlogs of M. CUmjroo, ProfeMOf W. Tbotosm, Ac. 

* Speech St s BMtlng for erectisg s ooouiaeDt to Wstt, la Arsgos Kioge of Wsti. 
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a nevr fonn of construction, are cxpcrlmenU on tho 
resources of nature under now conditions. 

^ In fact, oven in comparatively simple eases, we 

in*ch»oio*l c*”**<^t set for«!s to act on matter, or djspose mat- 
u of iM- ter so as to resist force, without doing not 00I7 what 
**'*“^^‘^** we intend to do, but also a great deal more. Mon 
powers in motion which he is unable to 
natiifoM. control ; and whilst he calculates confidently upon 
the effects of such and such dispositions of force or 
resistance, ho may overlook consequences equally 
necessary, because resulting from laws of nature 
which arc cither unknown to him, or the magnitude 
of which he had overlooked, in considering those only 
which he required. A complicated mechanical con- 
trivance may be compared to the mathematical solu- 
tion of a problem. It represents commonly a great 
deal more than is meant to be derived from it. It 
may represent several distinct results, some possible, 
some impossible, and of the former only one, it may 
be, congruous to the real conditions of the problem 
proposed. In mechanics, the laws of nature arc 
as impatient of control os tho laws of quantity in 
geometry, and the engineer may find, too late, that 
nature has solved his problem differently from what 
ho expected. But even when successful, it is to be 
presumed that his' own contrivance contains witltin 
it results unforeseen by himself. If he is wise he 
will become a student in his own workshop. The 
material contrivances arc indeed his own, but the 
powers which they awaken or distribute are beyond 
his 'Control. Even if his reading of the equation bo 
strictly correct, there may remain in the b^kground 
others no less important 

The considerations here imperfectly laid before 
the reader are intended to justify the introduction of 
certain practical topics into the present Dissertation, 
which, though many readers will seo their insertion 
without surprise, or would have been sorry to find 
them omitted, others possibly may think more or 
less independent of, and separable from a scheme 
already sufficiently extensive and intricate, if con- 
fined to mere subjects of scientific doctrine, to the 
exclusion of its applications. My chief reason for 
including such subjects as the steam-engine, tho 
strength of materials and some great examples of 


construction, and the electric telegraph, is that 
these important practical improvements are both 
historically and logically interwoven with the pro- 
gress of pure or abstract physics. They have be- 
sides impressed upon the character of scientific dis- 
covery of the last hundred years a peculiar stamp 
which it would have boon alisurd to ignore whilo 
endeavouring, within a moderate compass, and in tho 
plainest language, to convey a vivid though compre- 
hensive sketch of the advancement of Natural Philo- 
sophy during this and the procciling, or rather two 
prcctsling generations. 

It is not to be inu^ned that the difficulty of the (40.) 
problems which occupy the speculative philosopher, I'**®*** 
or the comprehensiveness of mind required for their 
solution, diminishes in any degreo as wc descend 
from the regions of pure science to tho walks of every- 
day life — from tho vast periods and majestic motions 
which astronomy enable.^ us to explain and predict, 
to the common details of the workshop and the rail- 
way. In fact, the former arc to be regarded as the 
simpler investigations, whilst our terrestrial agents 
have their effects modified by the diversified states of 
aggregation and varions mechanical properties of mat- 
ter, and by the numerous modifications of force arising 
from heat, clectridty, or magnetism, to which it may 
bo exposed. We have as yet made but an insignificant 
advance towards that completer system of Natural 
Philosophy of which Newton’s will form but one 
section, in which all the properties of matter and 
their consequences shall be os well understood as tho 
particular property of gravity is at present. Many of 
these are to bo learned by daily observation of the 
effects which occur in the ordinary progress of civi- 
lization amongst us. We are continually perform- 
ing experiments on a great scale and on purely com- 
mercial principles, which no individual philosopher 
or merely scientific society could have venturi to 
attempt. And in the midst of these ap))eal8 to 
experience, unexpected results are frequently occur- 
ring which send us back once more to the study of 
first principles, which, indeed, while tliey confound 
the empiric, do but establish the reputation of tho 
philosophic engineer, who seldom fails to turn them 
to good account, both in his theory and practice. 


CHAPTER II. 

PHYSICAL ASTRONOMY AND .VNALYTICAL MECHANICS. 

f 1. liAQRAKOB. — Variation of VarameUn — Application to Phy$ical A$tronomy. The Stability 
of the Planetary Syetem; Laplace ; Poisson. Moon'e Libration. 

period of Lagrange’s most celehratc<l labours Dissertation, it might have been excusable, with so 
extends so far back into the preceding century, that great a mass of matter before us, to have passed 
having been already mention^ in Sir John Leslie’s them over without farther notice. Bat they are so 
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intiiTUitcIj connected with the mo5t salient points of 
the historv of physical astronomy, dov^m CTen to the 
present tira<?» and arc so interwoven with the dt»co> 
veries of Laplace, and represent altop.*lher so much 
of the substantive character oS the progress of the 
ape, tlial I have thought it neo'ssary to devote a 
small s|ioce to the recital of a few of the most pro* 
minent of them, having regard to tlie intellectual 
portraiture of the man as one of the most pnM‘mi- 
nent and successful reasoners of his class who hare 
ever done honour to Uieir race. I shall repeat as 
little os possible what has l>eeii said elsewhere, and 
conRnc myself to only two or three topics. 

(42.) Joseph I«ouis Lagrange was bom at Turin in 1736; 
he dietl at Paris 10th April 1813. Ilis first paper 
tiMi- * written at the age of 17 or 18, and his en«I was 
accelerated by the uiiremitting ardour of his labours 
at the ape of 77. He was consequently on original 
author during sixty ytart ; and for the greater part of 
bUeoDtom* this period be, topper with Lapl.iee, monopolize*! the 
porsrtes. gj,»4^tcst discoveries connected with analysis and phy- 
sical astronomy, and exercised on almost unditpute«l 
authority in the more recondite sciences. Euler, 
Lagrange, and I.,aplace, by a siogular cvincidence, 
lived to the respective ages of 90, 77, ainl 79, and 
all retained their activity nearly to the last They 
produce*!, by the continuity and friendly rivalry 
their labours, carried to an extent in each case which 
only astonishing ph}*sical vigour aniUd to astonish- 
ing mental aptitmle could have prmluced, during 
almost a century, an impression on the progress of 
science altogether remarkable. This coincidence 
was ..the more happy, because physical astronomy 
was exactly in that predicament when nothing less 
than such a combination of intelligence and intensity 
of application systematically urge<l, could have car- 
ried Newton’s theory through the difilculties which 
at that time beset it-— difficulties which left the Pnin* 
rtpia for so many years alone, and for in advance of 
the general intelligence of the age. 

(43.) The pregnant suggestions of Euler were ilevclopo*! 
Eul«r end and applied hy Lagrange, and the triumphs of La- 
Lsplsoo. gpang»^ — nay, even his occasional failures — ^were the 
immediate precursors of some of La|dace*s happiest 
efforts. 


Amongst the former we reckon the wwthod of tAe ( 44 .) 
vanattow of ^irnmcUrt^ expounded to a certain point V^rUilon 
by Euler, though, as in many other cases, his results 
were vitiate*! by the haste and inaccuracy of his cal- 
culations. That Lagrange borrowed the idea from 
Euler cannot admit of a doubt, any more than that 
be was indebte*! to him for the principles of the Cal- 
culus of V’ariations. Lagrange, with enstomarv truth- 
fulness, even to his latest days, always s{K>ke of Euler 
os his best instructor and model, and as the chief 
of mfxlem mathematician-s, Newton only excepted. 

W'e know that he so regarded him in the case of the 
calculus of variations which he studied in Euler's 

Melhudus inveniendi linens curvas, &c.," during 
the first two years of his applicaUoQ to the higher 
mathematics whilst Euler, with equal candour, 
ocknowleilgod the transcendent genius of tbo rising 
geometer, forcing its way where he himself had 
fiiilc*!. 

The method of the Variation of the arbitrary con- (43 > 
stants or Parameters, though it may be regarded 
one point of view as a merely analytical artifice 
effecting integrations, is in rcalityn conception purely 
geometrical, first introduced by Newton* under tbo 
name of “revolving orbits,** anil applied by him to 
the explication of the conception (to uae a recently 
introduced phrase) of the lunar ineqnalitiet. Neither 
the moon nor any planet really describes a mathema- 
tical elHpee (in consequence of the mutual |>erturba- 
lions of the heavenly bodies). They describe curves of 
double curvature in space, of which we could form 
no intelligible idea, except by referring them to the 
very approximate type of the ellipse, of which the 
eccentricity, line of apsides, inclination, i&e., are con- 
tinually varying, not only from one revolution to 
another, but throughout every part of a revolution. 

This rc]>resentation is not only convenient, but 
strictly accurate. At «<ieA luv^znt the moon or 
planet is describing a portion of an ellipse, which 
maybe called the tnrtonMwcous cZ/ipsc, and which latunune- 
may be defined ns the particular ellipse which the''“* sUipw- 
bo*!y would go on to describe if it were at that 
instant freed from all perturbation, and allowed to 
oomplete a revolution under the single influence of 
its aef^uirod mocion and the central force. To take 


Ls|(rmnge'a ^ Tbs fuUowini^ U s lUt of the book* be tb«ti r««d, Uked from s paper probably HtU* koowo. which ap]»eared toon aftsr th« 
early death of I.agrwnge In the Mvniu^r uewepeper, end wbieb wee lratkU«t«d la Tbomemi'e AnnaU of Pk'Uo$<yphy, vol. It. He 

•tudlee- 3r«t read F.uclJd’e EtaoenU, Clolraul'e Alg^at then, in Imr than two yean, end in the following order, Agtie»re Aoaly- 

ti<al InstUvtuint, Euler's Aoalytitof /n/niM, J<din Bemouilli's iWefam, Kulcr'e Mttkonttt, the two first books of Newtoo'e 
i'rinnpia, D'Alenbert's i>ynaaue«, and itougnlnTillfl'e InUyral Kuler'a Di/rrmlto/ CuUulut and Mttkodmt Jwvfnimdi 

— e pretty coone of msthematical reoiling for a yoolb between 17 end 19. 

From the same paper wo ebrldge s few prectlcsd directions gWen by Lagrange for the study of matbenielice, which, if 
tolerably obvious, are iotrreWing fron the eatraordlnory geuine of the man. and from hU slogaiar reUcence on tubjecu of » 
personal nature. *' 1 never, ” be said, ** studied more than one book at a time ; if good, [ read It to the end.” " I did not 
perplex myself with dilBcnhles. but returned to them twenty times if se*'esssry. ThU failina’ .1 examined another author.** " / 
eeoe i iers d roadimy laryt troutm* aj pore oM<ysM ywite UMbes. We ought to devote our thne end labour chiefiy to the applica- 
tions.** Thus he reed Euler's 34tfkanUt wheo he bed acquired a very slight knowledge of the differeiiUal and ititegrol eolculue. 
" I always read with my pen in my hand, developing the calculations, and exercising myself on the questions.'* 

** Prom the rery beginning of ny carter, I endeavoured to make reyself master of certain subjects, that I might have an 
opportaiiity of iuvaotlng Improvemeota; and / o/uviys, os /or <u peast41e, madt lAeon'et u> ssy*<^ of the ssenusol pehMs, lo order 
to fix them fsom completely in my mlod, to render them my own, and to oecustom myself to ooiapuaitioo.” “ Plnoliy, I ovorj 
day oasigued myself a task for the next. I lesmed this custom from the King of rnietia.’* 

* This Lagrange himself points out lo bis Micumi’iue AnafpUpn. 
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a sinjrlo example; the planet Uranus has not yet 
cotnplvtol cme revolution since the time of its disco* 
▼ery in 1781, yet its observed path differed so much 
from a true elliptic arc (even when we allow for the 
perturbation of Jupiter an<l Saturn), that the orbit 
which satisfied the obeervations from 1781 to 1800 
would not satisfy those from 1800 to 1820; and 
since 1820 a new orbit had to lie computed for every 
few years, so great were the variations of the instant* 
aneous from any permanent ellipse. These varia* 
tions led to the discovery of the planet Neptune. 

(46.) To a<lnpt the notion of the perpetual variation of 
PUcieUrjr elliptic elements to analytical calculation, and to 
ascril>e to each planet its influence in pcrturlang the 
elliptic motion of the others, was the great problem 
mainly solved by Lagrange. In the planetary theory, 
where the pert urbaiiutis are all very small, on uccoum 
of the exressivo preponderance of the mass of tho 
sun, the motion of each planet may be considered as 
under tho sej>or<irs disturbing influence of every 
other, and the whole perturbation is the sum of tho 
separate perturbations. 

(47.) Now, these perturbations of elliptic motion may 
^ <li^l8ed into two grwt classes, which Lagrange 
lne<)usU* in 1762, included in a common analysis, which 

ti«a. expressed the disturbed elements of planetary motion 
by two sets of terms: those which include the rela- 
tive positions (or configuration) of the disturbing and 
disturl^ed planets being the one set, and those which 
included only the masses and elements being the 
other, The former arc called periodic^ tho latter 
*ecul/tr inequalities. The di<ttinction is important, 
since, after a sufficiently long time, two planets (sup- 
poRo the Earth and Mars) will have been presentixl 
to one another in space in every conceivable poei- 
tion of which, by the form and position of their or* 
bits, they aro susceptible, a like recurreDce of confi- 
gurations will recommence, and like perturbations 
will result. Such intlucnccs, though running through 
long periods, will be evidently rsctirnn^. But there 
is another class of disturbances, which may in thought 
be eotirely sep.vatcil from the former, being the ulti- 
mate or atteraye effect of the influence of one planet 
on another, arising, not from the position of tho pla- 
nets in their orbits at any one time, but from the po- 
sition of the orbits themselves. Thus in a single 
revolution (and on account of the independent excco- 
tricities of the orbits during many successive revo- 
lutions) of Mars and the Earth, the attraction of the 
former on tho latter sometimes conspires with the 
sun’s attraction, sometimes opposes it, sometimes 
urges tho Earth forwanl in its path, and sometimes 
pulls it bock, producing numerous ptriwlie inc<|uali- 
ties; but it is quite evident that, in the lony run, 
tho attraction of Mars on the Earth tends to p«ill it 
away from the sun, and to diminish the eflWct of the 
solar attraction — in fact, to increase the length of 
our year; and that this influence will be precisely 
the tame if we take the average of a great many re- 


volutions now, and compare them with a similar ave- 
rage hereafter, proviifed that the orbits undergo no 
|x»nnanent change. This, therefore, though not strictly 
an inrtfuality, because tho length of the year is per- 
maitcufh/ changed by it, shows an average effect in- 
dependent of the configuration of the planets. An 
example of a true secular inequality is the revolution 
of thu line of apsides or major axis of any orbit, hy 
the influence of the disturbing forces of the planets, 
whether interior or exterior to the one considered. . „ 

Few of thesecular inequalities have been detected by raJagt of 
observation throughout the entire records of Astro- sod 
nomy. It is known, however, that the apsides of the <*^«“*"* 
planetary orbits (at least in the case of the old'^’***' 
planets) all proyr^jt, with the exception of those of 
Venus, which retrograde, and that the inclination of 
all is at present diminishing. Tho oxocntricity of the 
Earth’s orbit is decreasing at the rate of 40 miles per 
annum. The exclusive dependence of the secular ine- 
qualities on the orbitf, not on the phees of the planets, 
may be well illustrated by a method actually employed 
by Gauss for computing them (though it docs not 
ap))ear to 1>o attended by any special advantage). 

He conceives the orbit of the disturbing planet to ho 
strewed with attractive matter, whose thickness at 
any point is inversely as the planet’s velocity there, 
or directly as the time of its sojourn in any small 
length of the orbit. , . 

ThcmcthodorvariationsoftheelcmenUisevidently ^ 
most applicable to tho determination of Secular Per- 
turbations ; for to compute by means of it the ordi- 
nary inequalities involves an apparently unnecessary 
labour. Thcplaceof a planet is oompletelydetermined 
by three co-ordinates — its longitude, latitude, and 
r^iuB vector; whilst theelementsoftheorbitare six in 
numlier, and when found, a further calculation must 
bo made to find the co-ordinates of position. The 
more direct method of deducing the co-ordinates at 
once from tho conditions of perturbation, was gene- 
rally followed until 1808, when Lagrange and 
Laplace almost simultaneously devised methods of 
using the variation of the elements with directness 
and despatch in the calculation of Planetary Pertur- 
bations. In the estimation of the second and higher 
orders of ilisturbunce, it has even the advantage in 
thc.se respects over the other method. 

St'ibility ami Pennasumee of (A< Solar Sy$tem . — 

After it had been clearly recognised, princip.ally bytbssoUr 
the labours of Lagrange, that tlie elements of the pla- 
netary orbits arc in a condition of {lerpctual change, 
it came to be a most interesting question how fur 
such variations were likely to be continuous, and uUi' 
mutely so great as to mo^y altogether the forms of 
the orbits, and even endanger the separate existence 
of the planets. This is a question which has excited 
a very general, as well as scientific interest. It is 
evident that the variations of the different elements 
are not all equally important in affecting the perma- 
nence of an orbit. Thu Gvo properly orbital ele- 
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mcntA (th€ aUtli being the longitude of the planet on 
ita orbit at a given time) mny convenient!)' be con- 
sidered thus : 1st, the major axis, which, for one and 
the same svstem, involves the periodic time or mean 
motion; 2d, the exccntricitj and position of the lino of 
apsides; 3d, the inclination and position of the line of 
nodes. Of these, the stabilitv primarily depends upon 
the first If the major axis and mean period increase 
or diminish without limit, the planets will diverge 
into infinite space, or rush after myriads of ages to 
utter annihilation in the burning embrace of the sun. 
The latter alternative was the popular belief about 
the mi<blte of last century, and was maintoincwl by 
the grave authority of Euler; whilst Dansdn, in his 
florid but picturesque language, described the order 
and beauty of the planetary system os bat a little 
more permanent than the glowing ornaments of the 
gay parterre.^ The principal rca-son for this conclu* 
sioD, and its refutation, will be mentioned in the next 
section. 

(51.) The first person who perceived the probable sta- 

bilily of the major axes and mean motions was not 
•hswlaihv- ' » * 1 , . 

Lagrange but lAsplace, who, m a paper published in 

1773, gave a demonstration, the sufficiency of which 
has not been doubted, that the major axes arc in- 
variable, so far as the influence of the principal 
terms of the disturhanccs arc concerned, that is as 
for as terms containing the cul)e8 of the excentrici- 
ties inclusive, and the first powers of the perturbing 
masses. Nor docs Laplace appear to have doubted 
that the mutual distinction of the terms, including 
secular changes, was not accidental, but would ex- 
tend also to the farther approximations. Lagrange, 
however, in a celebrated though short memoir of 
1776, demonstrated the truth of the conclusion for 
the higher powers of quantities contained in the per- 
turbations of the first order, and that by methods 
peculiarly eomprehensiro and elegant, which he far- 
ther extended in 1781 to the other five orbital ele- 
ments, showing the periodicity within certain narrow 
limits of tlie cxcentridty and inclination, the only 
elements, except the major axis, whose variations 
menace the stability of the system. Yet it is quite 
impossible to separate completely the names of La- 
grange and Laplace in the ctTectual demonstration of 
this important truth, the former as frequently in- 


dicating the means of overcoming the more purely 
mathematical difficulties, os the latter was suggestive 
and far-sighted in anticipating their application to 
the peculiarities of our system. 

Laplace discovered (1784) two remarkable theo- (S 2 .) 
perns which limit the ivhoU amount of the excenlri- 
cities and incHnations of the orbits of the planetary in- 

system, showing that if once small, they must ever cUnkUoD* 
remain so; and, in particular, that the most massive®^ plan#- 
plaucts of the system (Jupiter and Saturn) misst also oJ'bUs. 
undeigo the most trifling variation in these respects. 

In the case of the small planets between Mors and 
J npiter, a wider range may occur (as indeed we prac- 
tically find to be the ease), without endangering the 
{)ormancncy of tho whole. It also follows that these 
variations, though “ secular,” are practically “ perio- 
dic that is, that the exccntricities and inclinations 
oscillate aKmt certain mean values and within ex- 
tremely narrow limits, the {icriods of these osdilations 
being also of vast duration. Concerning such changes, 
theory is our only guide. The whole duration of astro- 
nomical records can barely reveal the existence of two 
or three of them, and tells us abeolutely nothing of 
their remoter consequences. Lagrange calculated 
the superior limits of tlie excentricities of the larger 
planets, and M. Leverrier has recently, by more ac- 
curate methods, obtained results nearly coincident. 
According to him, the maximum excentricity of the 
Earth’s orbit is 0 07775, the minimum 0 003314, so 
that it con never be quite a circle. It is now di- 
minishing, and will continue (according to the same 
geometer) to do so for 24,000 years, when it will 
Itegin to increase. The inclinations of the Earth's 
orbit to its equator, and also to a fixed plane, are 
confined wiitiin definite limits which are not perhaps 
very perfectly known. 

The motions of tho apsides and nodes of the orbits (5^) 
which gwlually complete the entire circumference 
have manifestly no tendency to affect the stability of ^ 
the system. Tho grand cycle of the Earth’s perihe- 
lion will only be completed in 110,000 years. It 
coincided with the vernal equinox 4080 years before 
Christ, a perioil (as T>aplaoe remarks) nearly coind- 
dentwith that assigned bycbronologcrstotho creation. 

These results may considered as among tho (S4.) 
most astonishing with which science brings us oc- 


1 ** Roll oa ya »tars! «tuU ia youthful prime, 

M»rk with bright curvM th« printlen ytrjn of Tioi«, 

N«ir and qtor# nt*r your Wmy cur* approoeb. 

And Icwenfng orb« on lewoniog orbs eacroocb; 

Flowers of the sky ! y« too to age must yield, 

Frail as yoor sUkea sisters of the field ! 

Star after star from beavrn's high arch shall rostl, 

Buns sink on suns, and systems systems rrtuh, 
nnadlong, extinct, to one dark ceutro fall, 

And IVath and Night and I'haos naingle all ! 

Till o'er the wreck, emerging from the storm. 

Immortal Nature lifU her changeful form. 

Mounts from her funeral pyre on wings of fiame, 

.<\nd soars and sbince, another and the Mine.” 

Iksrurm’s B«toMU4 Oardmti Canto iv., Uos 307. 
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quainted. The raiij^ of tnait^ht which man has ao 
quired into the past and future history of the uni- 
verse throughout periods, compared to which, the 
whole existence of his species is hut a span, enhances 
our admiration of the reasoning power which can 
attain to knowledge so high and excellent. And the 
sublimity of the contemplation is increased when wo 
recollect that these recondite truths are all conse- 
quences of a law so simple as that of gravity. Ob- 
servation will reveal only to a late posterity the se- 
cular modiheatioDS of the planetary orbits w hich geo- 
metry now predicts to us. Some of the ellipses will 
elongate, whilst others tend to become circles ; their 
planes will vary in inclination, but ultimately l»c 
stayed writhin the limit which human sagacity had 
pr^icted myriads of years before. “These,” says a 
French analyst, “arc the pendulums of eternity, which 
heat ages whilst ours b^t seconds.” And amidst 
all these variatioas, subject to taw and to impass- 
able limits, the Major Axes of the orbits preserve a 
stedfast uniformity, or are subject only to transient 
fluctuations ; and thus permanence arises in the mrlst 
of change, and the perfection of the system is demon- 
strated by the very nature of the disturbances which 
seemed at one time inevitably to limit its duration. 

It remains to add, in closing this interesting 
discussion, that Lagrange himself had not quitted the 
field before his able disciple and follower, Poisson, 
pursued the inquiry of the stalwlity of the system, 
and the permanency of the major axes particularly, 
to a degree of approximation not before attemptc^l. 
He included the perturbations of the second order, 
or those which arise by correcting the elements for 
the disturl)oncea first found, and including the effects 
of the correction in the modification of the })erturba- 
tions themselves. These also are subject to the 
same laws as found by Laplace and Lagrange fur 
lower dogrcce of approximation ; and as M31. dc 
Pontecoulant and Leverrier have confirmed the result 
(at least for all the larger planets of the system), we 
may conclude it to be a truth as firmly cstablislic<l as 
any negative fact can be, that our system is arranged 
for a durationapparentlyindefinitc ; that if the planets 
cease to roll, and the sun and moon to do their 
office in enlightening the world, it must be in all 


probability by an interposition of Almighty power, 
as direct and immediate as the creative energy by 


We have, in the comraencement of this section, ( 55 .) 
disclaimed tlie intention of entering at large upon the 
history of Lagrange’s diseoverics. They fell more pro- 
pcrly under the scope of the preceding Dissertation, 
and an able summary and enumeration of his writings 
by no less competent a person than Dr Thomas Young 
will be found in the alphabetical part of this Encyclo- 
ptedia. 1 will only add, that while scarody a topic 
in physical astronomy, or in pure mathematics, failed 
to receive important adclitions from his pen, his 
memoirs on the Libration of the Moon, his solution 
of several problems of Sound and vibrating strings, 
and his methods of computing the perturbations of 
Comets, are amongst his contributions to science, 
mo.st vividly remembered and most justly admired as 
models of analytical ability. He himself is stated 
to have preferr^ amongst all his papers, one in the 
Turin Memoirs of 17&4, on the Integral Calculus.’ 

With reference to the Lunar Libration, Lagrange (57.) 
confirmed the singular conclusion of Newton, that the h‘b»wtioo 
moon is a spheroid, having three unequal axes, th©^^ 
longest of which is always approximately directed to ’ 
the earth, and the shortest is her axis of rotation. 

In consequence of this, the moon, of nerrsrity, re- 
volves on her axis in the exact time that she circu- 
lates round the earth (supposing that at any time 
these periods were nearly, though not absolutely, 
ooiacideiit), and is subject (as Newton bad divined) 
to aspocics of oscillation upon her axis, owing to the 
line of the earth’s attraction not always coinciding 
(in consequence of the moon's irregular motion in 
longitude) with the moon’s greatest diameter. This 
constitutes a physicftl libration, as inequalities in lon- 
gitude. by enabling us to sec more or less of the 
lunar hemisphere diametrically o])pos« 4 l to us, con- 
stitute an Of>tieal libration, nr apparent to-aml-fix> 
motion on her axis. In this investigation Lagrange 
first used the combinaliou of D'Alembert's Principle 
with that of Virtual Velocities, afterwards fully ex- 
panded in the 3lfcanique Atialytiq^e.* 

Lagrange was happy in passing his days with 


which they were launched into S{ume, and (our earth i 
least) peopled with successiveraccsof animated beings 


* So rewonabl* dgqbt ai to tbe rtsbility of tti« plsnetsry (o which <rar Mrth btlonga, m it U at prvaent cotwti- 

To what axt»ot tba law* of order which we observe Ir It ral^'ht b« trantj^reeaed with impaoity, it la more difficult to mv. 

Tbe inveetifationa of Laplace and Lagrange aaaume tbe motion of the planeu to one dirtetioo. and their rxrontri- 

eitlea asd iDcllnstlooe, aa renditKHw of the guarantee of atability. Hat it doe« not appear by any mean* ceriaio that all thrae 
eoadlUon* are eeaential. and oona«<]uenUy the argument which ha« been Munctimea employed, that the concaivence of many In- 
dependent circumatancca were raquiiibe to the atability of tbe ayitcm, is at lenat ioeomptete. Compare Laplace, du 

Monde, edit. 1824. vol. U., p. 29. and Hamcbera Out/iea* »/ Attronomy, art. (669). 

* It i« Xo. 17 in the enunveratlon of hia paper* in the artacie Laosaivor in the Kn<yc1opa>dln. 

* Very recently (1854), M. Uansen of Goth*, a mewt eminent living authority, ha* aomewhat mod!6ed tbe received opinion h, ii&oaeo 
rrepMtlng tbe moon** figure. Me find* that the preautnrd elUptictly of tbe moon In the direction of the radiua of her orbit iaon the 
not juatified by obaervatkwM, which ought to *bow a alight variation in her horizontal diameter when the libration preaent* to inoon'a 

ua our MtelUte in a alightly varied aape^ And b* infer* (Votr an elaborate invaatigation of the tuner obvervation*. (bat her fig^irc. 
centre of figure doe* not ooineide with her centre of gravity, but Hr* about 31 Engliah roltez neurer to u* than the latter. M. 

Hanaen adds that the eziatenc* of tuch a protuberance of the moon't body relatively to the centre of gravity on the zide which 
w* can alone view, would account fur the apparent abeetine of water and air, which may abound upon tbe oppoeite *id«.— 
Aetron'mitai Sotiety’t Xmicm, vol. xv., p. 13. 
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Private the tranquillity of a philosopher. He was respected 
charscterof rewarded alike by kings and democraUi — he was 
^^^*^**‘ honoured and promoted in three great states, Sar- 
dinia, France, and Prussia. Though patronizetl by 
the despotic Frederick, and lodpnl in her palace by 
the gentle queen of Louis XVL, he escaped the 
misfortunes of almost every one of his contempora- 
ries, including lAaplacu, Lavoisier, and Dclanihre ; he 
retained his scientific appointments throughout ail 
the freu/y of the French Itevolution. His mildness 
of disposition and disinterested devotion to science, 
more than the Kuropcan oedebrity of his name, con- 
tributed to this result. Ue was equally fortunate 
in his scientific relations. Euler, I>'Aleinbort, and 
Laplace, whilst they were emphatically his rivals, 
were also bis sincere friends. If he ever felt jealousy. 


it was perhaps towards those who, he thought, at- 
tained too easily by circumstances to a high reputa- 
tion : Monge seems to have been of this number. It 
is remarkable that for a series of years Lagrange di- 
verted his mind altogether from mathematics, and 
studied chemistry, natural history, and even meta- 
physics. His reply is well known, when asked how 
he liked the first of these sciences ; ** Oh,** said he, 

I find it on trial as easy as algebra.*' It may be 
doubted whether in our own day he would have 
given as favourable an opinion ! 

He was unassuming in conversation, and dis- (^9*) 
liked speaking of himself. His commonest answer 
was " I don’t know.” He was happy in his domestic 
relations, and die<l nniversally honoured and regret- 
ted, 10th April 1813. 


§ 2. Laplace. — Lunar Theory Improved.-^Oreai Inequality of Jupiter ai\d Saium.^Theory of 
the Tides. — Young; Hr Whewoll ; Mr Theory of ProbalilitieB. — Character of 

Laplace as a Physicist and Author. 


(60.) Pikubb Simon L. 4 PLacs has generally, and not 
^**^***' without reason, been considered as a sort of exemplar 
or type of the highest class of mathematical natural 
philosophers of this, or rather the immediatelr prcced< 
ing age. The causes of this, and the degree in which 
it is warranted, we shall endeavour to state towards 
the close of this section. In the meantime, finding it 
quite impossible within our prescribe<i limits to notice, 
ever so briefiy, all his more material investigations, 
we shall select three or four marked by their ori- 
ginality and general interest. Such are, 1. His im- 
provements of the lunar theory. 2. His discovery 
of the cause of the great inequality of Jupiter and 
Saturn's motions. 3. His theory of the tides. 4. 
His work on probabilities. 5. Wo shall consider 
his character as a general physicist, and os a writer. 

(6L) I then, we are to speak of the improvc- 

oBtou Itt menta of iho lunar theory effected by him. The op- 
U)« Lunar plication of Newton’s own principles to the perfecting 
Theory. qJ* theory of the moon's motion has been related 
in Sir John T.«eslic'a Dissertation, and so far as the 
labours of Clairaut, D’Alembert, Euler, and Mayer, 
are concerned, belongs distinctly to the middle |K>r- 
tion of the lost centuiw. The errors of MaycFs 
tables little exceeded one minute of space, which was 
twice more accurate than in Halley’s time. With 
one important exception, the main outstanding dif- 
ferences between theory and observation had disajK 
poured. The oclipsca recorded in the Arabic and 
Chaldean annals could not (as Holley first observed) 
be correctly explained by the motion of the moon as 
given by recent tables. At length it became admit- 
ted that the mean motmn of the moon has been 
accelerated from century to century by a minute 


quantity, which, in the lapse of thousands of years, 
has become rcc<^nisable. It amounts to this, that 
the moon comes to the meridian two hours sooner 
than she would have done had her present period 
remained invariable from the earliest astronomical 
records of eclipses. It is at once evident how delicate 
a test tills must be of changes otherwise imperceptible. 

The effect on the dlrocDsion of the moon’s orbit may be 
thus expressed, that at each lunation she approaches 
nearer to the earth than during the last by OFir-/our- 
of an inch ! thus describing a spiral of almost 
infinitely slow convergence. The minuteness of the 
effect may be illustrated by the shortening of the 
pendulum of a clock by an amount absolutely in- 
sensible, which yet, after days and weeks, will alter 
by many seconds the time shown by the bands. 8«<uUr^ 
After several unsuccessful speculations as to ftce«lers- 
thc ofthis anomaly, Laplace, in 1787, thus sa- t»«>n qf tee 
tisfoctorily accounts for it:-~It is well known that the 
sun’s attraction on the earth and moon lessens, on 
the whole, the tendency of the latter to the former, 
and lengthens permanently the lunar period. But, 
so far as this effect is um/orm, it does not directly 
ap]>ear. The effect is greater, however, when the 
earth is near the sun than when it is farther off. 

The lunations are tberoforo longer in winter (when 
the earth is in perihelion) than in snmmer. This 
is called the annual equation, and the amount is 
very sensible fur this reason, that ^as may be easily 
seen) the perturbing force varies inversely as the 
culie of the sun’s distance. Now, though the earth’s 
mean distance from the sun has not varied in the 
lapse of ages, the cxoentricity of the earth's orbit 
has been diminishing from the earliest historic times, 
and the average inverse cube of the distance has 
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been al»o slowlj increaiing. The result is that the 
moon's motion has been oontinuallj acoelcrated. 
Now, wo karo in the last section refurreU by anti- 
cipation to this acceleration as having led to the 
belief that the moon must at last fall to the earth. 
Laplace’s discovery, however, shows that the acce- 
luration has a limit, depending on that of the cjt« 
oentricity of the earth’s orbit, which having reached 
its minimum, the lunar mean motion will begin to 
be retarded, and will continue so through a vast 
cycle of ages, and so on alternately. Theory enables 
us to assign, with considerable sccnracy, the amount 
of the acceleration, which is now about 10" of lon- 
gitude in a century.^ 

Besides this very satisfactory discovery, Laplace 
investigatod three of the lunar inequalities in a man- 
ner loading to curious and uncxpectcfl results. Two 
of these depend on the spheroid^ figure of the earth. 
The nutation of the earth's axis, which is due to the 
attraction of the moon on the protuberant eqnatoreal 
parts of the earth, is exactly reproduced by the equi- 
valence of action and reaction in the movements of 
the lunar orbit, only less perceptible in degree on 
account of the length of the leverage at which they 
arc effected. The inequality of the moon's motion 
in latitude may be used to determine tho degree of 
compression of our globe at the poles. Laplace de- 
duced from the Greenwich observations of the moon 
the fraction and, from a relative inequality in 
longitude, ; a coincidence really astonishing, not 
only as between themselves, but also when compared 
with the mean result of laborious investigations by 
actual measurement of the earth’s surfree. Tho other 
result wo referred to was the determination from tho 
lunar theory of tho solar parallax, — in other w’ords, 
the distance of tho earth from the sun, which enters 
into the expression of a certain inequality of the 
moon's motion in longitude. From the observed 
amount of this inequality, Laplaeo obtained a valne 
of the solar parallax exactly coincident with that 
obtained with so much labour on occasion of the 
transit of Venus in 1769. Strange and admirable 
result (as Laplace himself remarks), that the astro- 
nomer, immured in his observatory, and watching our 
satellite through his telescopes, and reading the re- 
sult by the aid of mathematical analysis and the 
theory of gravitation, should be able to determine the 
figure of our earth, and its distance from the son, 
with perhaps quite as great accuracy as by any direct 
measurements. Truly tite wonders of fact excecHl 
those of fiction, and tho divinations of true science 
may match the pretensions of her counterfeit, astro- 


In conclusion of this subject, I regret that space (^) 
docs nut allow mo to advert particularly to Laplace’s 
remarkable success in accounting for some singular 
peculiarities in the system of Jupiter^s satellites, 
arising from, and partly occasioning, an exact com- 
measurability in the periods of some of them (which 
Sir John llerschel lias lately observed to hold also 
in tho Saturnian system in a somewhat diffenmt 
manner), a case which we have seen to be especially 
excluded in the instance of the planets, and which 
has been pronounced by a very competent judge (Mr 
Airy) to bo ** the most curious and complicated sys- 
tem that has ever been reduced to calculation." It 
ought to be state<l, however, that Laplace's dis- 
coveries were based upon a previous and highly 
original investigation of Lagrange. 

II. In the second place, we shall briefly state the ($5.) 
nature of Laplace's happy explanation of a great in- 
equality of the solar system, to which, like tho fact^f 
of the lunar aocolcration, especial attention had been and s«- 
callcd by the sagacity of Halley, and which, like it,*"®- 
resisting all the efforts of geometers to interpret, 
threatened the credibility of the Newtonian theory of 
gravity. We are therefore to look upon this step as 
something more than a solution of a difficult problem; 
it was a new, peculiar, and unBU8[>ected combination 
of circumstancea on which it dcj)ended, and the solu- 
tion affonled a key in all time coming to difficulties 
depending upon a like cause. 

Halley had ascertained, that by eomjmriug mo- (36.) 
dem with the most ancient observations of J upitor and 
fjatum, the mean motion of the former planet had l>eenqu»UiiM ; 
accelerated, ami that of the latter retarfletl. Lambert 
remarked subsequently that, if we confine ourselves 
to mcMlcrn olnscryatiuiis alone, an opjmsite change 
would ap{>ear to bo in jirogress. Tho amount of the 
error of the tables was so consi<leral>lc (amounting to 
2(K nr more in the middle of the eighteenth century, 
and capable, in fact, of becoming much larger), as to 
have been (along with the apsidal motion of tho lunar 
orbit) one of the first subjorU of anxiety and specu- 
lation to geometers, when the Newtonian theory came 
fairly into discussion. For nearly forty yef.trs this 
stubborn inequality was vainly attempt^ to be ac- 
counted for by £ulcr,Clairaut, D’Alembert, I^agrangc, 
and by Laplaoo himself, Itcfore the latter hit upon 
the true cause of tho anomaly. It was long, and 
naturally, believed to be a properly sccu/ar inequa- 
lity, arising from the average mutual effects of the 
piancta Jupiter and Saturn, though Lamlicrt's re- 
mark renderef] this hiss prohahle. It was in the course 
of the consequent research that Laplace proved that 
the mutual action of the two planets could produce 


^ W<* here xdi) Uwt rrry mvatlj Mr Adxnif disoovervd that Laplace, and b1m> hla followrra, in confining tbrir at- 
to the radial rffact of Um soa’a interference vrith the lunar moUont, aa affected by the exrratriritj of the earth's orbit, 
have unwarrantably aMumed that the area deecribed by the moon a unit of timn ie invariable. He finds, on the contrary, tan- 
gential p«rturbatU>oe depending oo Uie Mme cauac, and aenaibly modirytng tba amount of aecular mean motion deducod from 
lhocry.-^(i*Ati'’io/'A(eGif TVaiuacliema, 1803.) 
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DO ptrmnTient alteration of the mean motion of 
either; a conclu&ion which^ ok wc have »een in tho 
last section, ho afterwards gcnenilizej for tho pla- 
netary system. Several other memoirs by I^grango 
and himself followed ; and when the question be- 
came thus narrowed to periodie perturbations only, 
Laplace, with characteristic ardour and resolution, 
determined to search out every term which couM affect 
the result; an irksome task, less c<ingimial to the gene- 
ralizing spirit of Lagrange. He had already noticed, 
in his memoir of 1773, thatEulerand Lagrange had, 
in their researches on this very subject, omitted terms, 
multiplied by sines and cosines of very small angles, 
which yet might, in the process of inU^gratiem, be- 
come considerable by the largeness of the coefficients, 
tbtir Eleven years later ho dcb'cte^l, in the expansion of 
origin; mutual perturbation of Jupiter and Saturn, terms 

of this kind. The coefficient (or maximum value of 
the term) is in this case dividwl hy the square* of the 
same quantity which renders the angle under the sine 
or cosine small. These tenns wore indeed likewise 
multiplied by the cubes of the oxcentricity, or like 
thoir small quantities ; but notwithstanding this, hy reason 
amo'jDi- of |},e small divisor just mentiono*!, they w<tl* capable 
of attaining a formidable magnitude ; in the case of 
Jupiter, to 2V, and of Saturn, to 48' or 49'. That 
so small a force should produce so large an effect U 
due to tho very lony period of tho mewt considerable 
portion of this inequality, which, in fact, led to iU 
being confounded with perturl»ations properly secu- 
lar. The period of complete recurrcMce of the effects 
is about 920 years ; and during half this time the 
motion of one planet is being constantly accelerated, 
and that of the other retarded ; during the other half 
the action is reversed. An effect continually in- 
creasing or diminishing fur so long a time, and be- 
tween the two most massive of the planetary bodies, 
is evidently liable to become considerable. The 
maximum displacement of Jupiter and Saturn 
I^placc found by calculation to have occurre<l in 
1660, explaining the peculiarity above mentioned 
in the comparison of ancient with modem observa- 
tions. 

(67.) When we look to the physical cause of the large- 
ness of these particular pcrturliativc terms, it is found 
^ to be this ; — that the period of revolution of Jupiter 

compared to that of Saturn, is almost as tho num- 
l)crs 2 and 6 : — in other words to the near commen- 
surebility of the mean motions. Were they exactly 
in proportion to these numbers, forraidablu and per- 
manent changes would possibly result in the orbits. 
As it is, the planets comeintoconjuncti<m when Jupiter 
lias completed 6 revolutions, and about j^th more; 
Saturn 2 revolutions, and ^th more. Consequently 
the point of conjunction travels round the circumfer- 
ence after about 4 4 conjunctions have occurred, which 
requires nearly 2700 years. But a little considera- 


tion will show’ that cunjunctioiis occur successively 
at three nearly equidistant points of the circumference ; 
c<Hisei}uently the two planets will have been presentod 
to one another in every possible variety of configu- 
ration, when the point of conjunction has travelled 
onc-third round tho circumference, that is in about 
900 years. 

The effect of this great improvement in the (68.) 
Theory of Jupiter and Saturn was, that the most an- 
cient observations were completely reconciled with the 
modern, and the modem with one another ; the errors 
of the tables were immediately reduced to cms-tentA 
of their former amount, and soon after to much less. 

III. The third topic which I must shortly discuss in (69.) 
connection with the career of Laplace, is the Thoorv of 
of the Tides. ' tbsTids,. 

The Newtonian Theory of the Tides has been ex- (TO.) 
plained in Mr Playfair’s Dissertation, but its progress 
during tlic 18Ui century has not been adverted to 
the contiuuation by Sir John Leslie. It will be suf-th« Kquiu- 
ficicut to state here, that it was pursued into its consc- bnam 
qiienccs with ability and success by Daniel Bcraouilli, 
who in 1740 shared a prize of the French Academy 
of Sciences on this subject, along with Euler, Mac- 
lauriii, and C^volleri, a Jesuit, tho lost a supporter of 
the Cartesian vortices. It was, perhaps, the conclud- 
ing honour paid to that once popular theory. 

The Tidal Theory of Newton and Bcraouilli (71.) 
presumes the earth to bo at rest; and also the waters Its rstulu. 
of tho ocean to be at rest, and at every moment in a 
state of equilibrium between the force of gravity, 
tending to the earth^s centre, and the lesser forces 
tending towards the sun and moon. That a theory, 
founded on suppositions so for from the truth (not to 
mention tho irregular distribution of sea and land on 
the earth's sur&ce), should in any manner or degree 
represent correctly what happens, may bo matter of 
just surprise. The leading plionomcna ore however 
tolcirahly consistent with it; the dependence of the 
great tides on the moon’s position with respect to 
the meridian of the port ; the spring aud neap tides 
when the sun's action and that of the moon conspire 
with or oppose one another ; tho priminy and layyxny 
of the tidesdependingon the displacement of thevertex 
of the compound ellipsoid due to the combined effect 
of the sun’s and moon’s attraction, depending therefore 
on the moon’s elongation from the sun ; the effects of 
tho moon being in tho nearer or remoter part of her 
orbit ; all these facts are indicated by the ^uilibrium 
Theory (as it has been termed), and are aUu results 
of obeervation. The theory, however, does not giro 
tho true depth of tide, nor (except in cosnal instances) 
does the time of high and low water coincide with 
theory ; besides many minor imperfections. 

Laplace had the singular ikildncss to attempt 
the solution of a problem, which is more one of hydr^ 


t In ooQtequcnce of a cUmbU iaUgrmtiMi lo itopeet of Ui« tin*. 
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dTnamics than of OAtronomy, and to estimate all the 
causes of movement of the |mrticles of a heavy fluid, 
surrounding a spheroidal rotating nucleu.<« exposed to 
the attractions of the sun and moon. This he did in 
a scries of memoirs, more systematically condensed in 
the Traiti d« Mifttnique and it may safely 

he aHirmed that no other mathematician of his day 
was equal to the labours and di.sappointmentA of an 
inveatigation attended with every species of difficulty, 
in which each result must be attained by a combina> 
tioQ of general sagacity with machciuatical rigour, and 
for the verification of which observations were yet in 
a great measure wanting. The Theory of the Tides 
was, upon the whole, the most anluous and compli- 
cated problem which could well be conoeived, in a 
branch of science (hydrodynamics) hitherto remark- 
ably little successful in predicting the results of the 
most simple and arbitrarily selected experiments. 

That Laplace has been in a measure successful 
in such on undertaking must be considered the liighcst 
test of his genius, especially in reducing his mathe- 
matics to practical application ; but the result has 
been a treatise so profound and obscure (1 mean as 
regards the tide theory), that very few persons have 
attempted to master its difficulties. Mr Airy, the 
present astronomer royal, has done a great service 
to men of science, and to that far wider communi^ 
whom the laws of the tides nearly interest, by giving 
a connected and tolerably elementary view of Lo» 
place*8 investigation, which he states confidently to 
be “ the most obscure of the CiUfU.** 

In this theory the figure of the ocean at any 
moment is considered as a dynamical problem ; and 
that figure as a momentary .itate arising from the in- 
ternal movements of the fluid itself, as well as from 
the variation of the external forces. The resulting 
differential equations, expressing the attractions of 
the sun, moon, and earth, the rotatory movement of 
the earth, and the pressure of the water itself in mo- 
tion, are abundantly complex, and the solutions only 
partial and imperfect. The inferences from these 
solutions, too, partake not only of their im]icrfcction, 
but, since they take no cognisance of the irregular 
distribution of land and water, present cases almost 
impossible to verify by observation. Some of the 
results arc indeed so paradoxical, that witliout bet- 
ter evidence of their ^uth we do not further allude 
to them. 

The tidal effects arc divided by Laplace into three 
classes ; the distinction of which, however, cannot bo 
called a discovery of his. The Jir»t doss are inde- 
pendent of the earth's rotation, and are practically 
insignificant. The $€Cond class includes the diurnal 
tide occurring once in about 24 hours. Conoeming 


it, Laplace draws this conclusion, that its rise and fall 
(not, however, its horuontal motion) arc insensible if 
the depth of the ocean is uniform and Itcing practi- 
cally insensible in most latitudes, we have thence an 
niYiiment of more or less weight for a general 
tendency to uniformity in the depth of the sea. The 
clots of tides are the ordinary semi-diurnal 
tidioi. They aflfonl,as Newton acutely perceived, the 
most direct and attainable measure of the relative at- 
tractions of the sun and moon. Wc have the sum of 
these aUrsetions at the conjunctions ami oppositions 
of the luminaries, and the difference when they are 
90^ apart ; and a higher maximum when both bodies 
are witliout latitude. From the observation of the 
tides on the Severn near Bristol, Newton computed 
the relative action of the moon and sun to be as 
4*48 to 1 ; but this value is much too great, and 
gave for too large a relative mass to the moon. The 
result in the harbour of Brest, from observations made 
under Laplace's direction, is about 2*90 to I ; and the 
moon’s moss that of the earth, agreeing almost 
identically with that deduced from the notation of 
the eartn s axis caused by her attraction. Observa- 
tions at London and Liverpool rcducc<l by Sir John 
Lubliock and Dr Whowell give about 2*66 to 1.* 

Prom the general theory of Laplace, the follow- ( 76 .) 
ing results have been deduced with confidence : — (1.) b*pj*c«*s 
That the stability of the ocean is secure, whilst the 
density of the ocean is inferior to that of the earth 
generally ; which it is about five or six times. (2.) 

That the phenomenon of precession is not modified 
by the fluid covering of the globe. 

In the application of his theory to special cases, (770 
Laplace is compelled to have recourse to an assump- 
tion entirely arbitrary — namely, that the periodic 
fluctuations, however otherwise modified by circum- 
stances, recur in the same periods as the causes to 
which they arc due. In this manner ho conediatet the 
results of observation with his theory, which the latter 
would have been altogether incompetent to predict. 

The general merits of Laplace’s theory we will snm (78.) 
up in the words of Mr Airy, who, of all his succcs- 
sors, has probably most attentively studied it : — “ If, jn_ 

putting from our thoughts the details of the investi- TMtigstioa. 
gation, we consider its general plan and objects, wc 
must allow it to be one of the most splendid works 
of the greatest mathematician of the past age. To 
appreciate this, the reader mu.st consider — first, the 
boldness of the writer who, having a clear under- 
standing of the gross imperfection of the methods of 
his predecessors, had also tho courage deliberately 
to take up the problem on grounds fundamentally 
correct (however it might be limited by suppositions 
afterwards introduced) ; secondly, the general difit- 


* Dr Young MWfto tbkt tb« oonclaatoo will not bold ud1«m tb« depth b« uUo •▼ancftcent. Ltpl&ce hst shown in bli Fifth 
Book tbst Ibc dlMpp«ar»jiea of diam«l tidas will take place aalj when the audeoji it conpletelj cowed. 

* Tlteta ratioe, bowtver, being found to depend upon the configuretioa of tbe eoest or eetunry, cannot be used dirtsslf to de> 
termine tbe retotlve ection of tbe eun end ooon. Bee Pkil. TVam., 1640, p. 48. 
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cultj of treating the motiont of finida ; thirdly, the 
peculiar difficulty of treating the motions when the 
fluids cover an area which is not plane but convex; 
and, fourthly, the sagacity of perceiving that it waa 
necessary to consider the earth as a rovulving body, 
and the skill of correctly introducing this considera- 
tion. The last point alone, in our opinion, gives a 
greater claim for reputation than the boasted explana- 
tion of the long inequality of Jupiter and Saturn.*' ^ 
We must, however, qualify this eulogy by adding, in 
the words of the same writer, that Laplace's theory, 
though based on sounder principles than the equili- 
brium theory, " has far too little regard to the actual 
state of the earth to serve for the explanation of even 
the principal phenomena of the tides." It is, in fact, 
like many other productions of the same age and 
school, a great display of ingenuity and mathemati* 
col skill, which hardly yiehls a single result worthy 
of confidence, or agreeing with nature, except by the 
alNuidonment of its deductive rigour, or a conceale*] 
induction backwards from the phenomena to be ac- 
counted for. The same amount of skill and resource 
which Mr Airy lias shown in adapting it to his own 
views, and to recent observations, would probably 
have sufliced to construct a theory from the founda- 
tion. By others the attempt seems to have been 
abandon^ as hopeless. 

(^^■) Since our limits will not permit us to return to 
•Rdtl,— Dr subject of tides, we shall hero briefly state the 
Wheweli^ progress of the subject since the time of Laplace. 
Sir J. Lub- The chief steps have consisted in co-ordinating the 
results of observation and analyzing them into their 
partial phenomena, by the help of Newton’s and 
Bemouilli's theory. This labour has been greatly 
advanced by Dr \Miewcll, and also by Sir John Lul>- 
Cotida] bock. The former has constructed maps of " cotidol 
lines," which, indicating the relative time of high 
water in different ports of the globe, give us a gra- 
phic coucepUon of the course and propagation of the 
tidal wave. The tides of the Eastern Pocilic are but 
little known ; but a vast ware advances northwards 
between Australia and Africa, diverted or retarded 
by the obstacles it meets with in the Indian Archi- 
pelago. Another (and to us tlio most important) 
branch seta from south to north up the vast canal of 
the Atlantic, where it is gradually complicated by 
local tides, having their origin in the wide expanse 
Itetwccn Africa and the Gulf of Mexico. The two 
sets of waves sometimes reinforce, sometimes oppose, 
one another ; they ore prolonged to the western 
shores of England and Norway, where the tidal im- 
pulse arrives 24 hours after it passed the Cape of 
Good Hope. It is propagated most rapidly at a dis- 
tance from coasts, and is retarded in narrows and 
shallows. It sends offshoots into every hny and 
strait, always greatly retarded in point of time (ap- 


parently hy friction), but ofUn increased m elevation 
hy concentration of the effect in a gradually narrow- 
ing channel, as wc see in the exaggerated tides of the 
river Amazon, the Severn, and the Bay of Fundy. 

The same place may be the scat of several tides at 
once, which may increase or destroy one another ; 
tlios, a small tide is propagated through the Straits 
of Dover as far as the Dutch coast, where it only 
arrives siroultanoously with the principal wave, 
which has mode the entire tour of Great Britain. 

As regards the progress of theory, Dr Thomas 
Young, whose character os one of the greatest Young, 
philosophers of the |>ast age we shall have to con- 
sider In another chapter, next after Laplace grappled 
mth the difficulties of this arduous subject Em- 
ploying mathematical methods of inferior power but 
greater directness, and taking into account causes of 
local action which Laplace had not ventured to in- 
clude in his analysis, ho gradually matured a theory 
adequate to represent many of the results of ex- 
perience, of which Laplace gives no account 

Ho distinguishes the results of the forted aud/re« 
oscillations of the sea ; the former resulting from the 
direct action of the sun and moon combined with thewsr**. 
rotation of the earth, and whose periods of rise and 
fidl arc determined solely by those external causes 
(external, I mean, to the mass of the ocean) ; the 
frc4 waves, on the contrary, derived from the former, 
arc transmitted with velocities depending on the me- 
chanism of the fluid itself, on its depth, and on the 
resistances arising from friction to which those mo- 
tions are exposed. These all-important modifications 
of the dynamical Theory of the Tides were deduced 
by Dr Young from the general theory of oscillations 
and resistances, and from the laws of fluids detected 
by Dubuat,* and he applied them with no ordinary 
skill to the solution of the problems of tides in 
oceans, estuaries, and rivers. It is an extraordinary 
fact, and not without significance, in the history cd* 
setenoe, that these researches of Young, published 
anonymously in the Supplement to the Sixth Edition 
of the Encyclupeedia Britannica, and in the Seventh 
Edition of this work, and likewise in several jour- 
nals and reviews, so geuemlly escaped notice as to 
have been almost unknown till Dr Feacook, in his 
recently published Life and Miscellaneous Works 
of Dr Tlioma.*) Young" has fortunately recalled 
attention to thoir existence and their important 
results. 

In doing so, Dr Peacock has communicated with 
Mr Airy, whose very valuable article on Tl^ ** 

Wave$ has been above referred to (78), and hasWavM. 
ascertained from him that Dr Young’s researches 
hod e$cape<l his notice when he undertook that 
elaborate recension of lAaplace's theory, and made 
those importaut additions to it to which 1 have 


* Etkcytlofi^ia ilttropoUtana, *' Ticlei and Ware*,’* art. 117. 

* iSm Chapter IV., de^ioa 6, where w« ratnro to tosM portion of this sobjoct. 
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called attention.^ It Is vcrj satisfactoiy to find that, 
bj their iiHlependent and very diflerrnt modes of 
analysis, Mr Airy and Dr Young have arrivcwl at 
results generally coincident. It is in the essay 
of the R>nner that most readers will now seek for an 
acquaintance with Laplace’s abstruse inTcstlgations, 
whilst they will find in it the bearing of experiments 
more recent than the time of Young on the propa- 
gation of waves in canals, the theory of Mr Airy, 
beginning os it were at tbe opposite end from that of 
Laplace, and ofiering far more points of contact with 
actual observation, particularly in the Tides of 
Rivera and Estuaries. The theory of Young will 
naturally be best studied in his own article Tides, 
in this Kncyclopa*dia. 

(83.) IV. In the fourth place, wc connect the name of 
Laplace with the progress, during the period we am 
tioa. considering, of the curious doctrine of probability, 
or the laws of chance and nxpoctation. These he 
discussed in two works, the Analytigve and 

the Etiai Philosophiquf tvrlct Prot/abiUt4i — the first 
the most mathematically profound, the last the most 
popular and elegant, account of the sohject which 
has yet been given. Nearly all mathematicians are 
agreed on two points — -/rsf, in considering this the 
** most subtle'* and ** difficult to handle*’ of all the 
applications of their sdence, involving a perpetual 
recurrence to contin<;cnciet, and to elements of the 
argument easily left out of account, and in which, 
more than in any other, it is dangerous to lot sleep 
for a moment the severely reasoning faculty, or per- 
mit it to be lulled to security amidst the maze of 
symbolic transformation. In truth, from experience, 
I am disposed to receive with doubt the solution of 
even a tolerably simple problem of chances, unless 
two competent persons at least have concurred in 
verifying it. iS^OTuffy, Mathematicians are agreed 
in considering Laplace’s Th4orie nearly, if not quite, 
the ablest specimen of mathematical writing of bis 
age, notwithstanding a degree of obscurity and repe- 
tition in addition to the inherent abstruseness of the 
subject, which render in the opinion of one of the 
most leame<l and extensively read of our pure ma- 
. theinaticians,’ ** by very much the most difficult ma- 

thematical work ho ever met with.” 

(84.) A single paragraph has been devoted to the subject 
probabilities in Sir John Leslie’s Dissertation, 
rclalmg to its earlier history ; and the subject was so 
tioQ by popular during the last century, that there was 
scarcely an eminent mathematician who did not add 
something to its practical development; so that La- 
place may be considered rather to have enlarged 
widely its applications by means of his almost unex- 
ampled power in handling the calculus, than to have 
improved or established its first principles, or even 


applied it to classes of problems altogether new. 

Wo find that most of the principles of the Calculus 
were established by James Bemouilli, in the earliest 
part of the eighteenth century, who gave the first lliatory of 
application of the Binomial Theorem to determine 
the probability of a particular combination of a given ^ ^ 

number of things occurring, in preference to all the 
other equally possible combinations. Stirling dis- 
covered a curious theorem for approximating to the 
continued product of the arithmetical scries of num- 
bers carried to any extent, which perpetually occurs 
in such calculations. Demoivre carri^ out Halley's 
application of it to the laws of mortality. Oondorcet 
applied it to moral questions ; Mitchell to natural 
])henomena, considered as the results of aocident or 
design ; Lagrange to errors of observation. The 
chief applications of the Theory of Probability arc Itseblcf sp- 
the following: — 1. To chances known d priori, as 
that of throwing two given numbers with dice, the 
whole range of possibilities being known with preci- 
sion. 2. The calculation of the exp^<^tation of foture 
events on a great or average scale, deduced from the 
past course of events observed also on a great or 
average scale. Of tliis description are the calcula- 
tions of life assurance, first tabulated by Halley. 3. 

To fihd the most probable result of a number of in- 
dependent observations and problems of a like kind. 

4. To the proof of catrjWion as opposed to accident 
or random,” derived from existing combmations of 
facts. 6. To the probability of testimony, and the 
confidence due to legal decisions. None of these 
inquiries are peevitar to Laplace, or originated with 
him. We select, however, for a brief notice (which 
must be confined to a few sen^ncea) the third and 
fourth of these applications. 

The chances are enormous against the most expo- (85.) 
rienced marksman’s hitting the bull’s eye of a target. 

But if ho make many shots in succession, the 
will be lodged round about the spot at which heniltofs 
aimed, and they will be fewer in each successive ring n«™w of 
of equal area drawn round the mark. The degree 
of their scattering will depend upon the skill of the Tmtiocu. 
marksman ; but in all cases the most probable result 
will be, that the point aimed at is the centre of gntvity 
of tbe shots. This may be shown to be oquiv^ent to 
saying that the most prohal>le result of any number of 
equatiy rdiabU obsen>ationt is that which will maic 
the sum of the squares of the outstasuiiny errors a 
mintmum. This rule was conjecturolly proposed by L«f^ndr«’t 
Legendre in 1806. A demonstration of its truth was »»etbod of 
first published by Laplaco. It is of groat practical 
use in de<lucing the results of complex observations, ^ 
such as those of Astronomy, and generally in com- 
bining ** equations of comlition” more numerous than 
tbe quantities whoso value is sought to be extracted 
from them. In very many cases, however, a graphical 


* See note to p. 808 of tbo Secoad Voloiss of Yoong'i MiKoUsnoou Works,” by Psstoek. 

* rrofi,mor De Uorgaa ia Snefeispmiia h^trspeUsana, 
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method of interpolation will serve the same purpose, 
as well as save a verytciiious calculation. Perhaps too 
much importance has been assigned to the “ probable 
mean errur’' of a single observation deduced from 
many individual errors by the same theory. If a 
man has but one shot at a target, it is perfectly un> 
certain (by hypothesis) whether that shot Ite one of 
his best, or ono of his worst, or ono of Ills middling 
ones. But as there are more middling hits than 
very l»ad or very good ones, there is a certain dis- 
tance which it will be safe to bet (i. s. for which the 
probability is |), that ho will not exceed ; though it 
would be a strange occurrence indeod, if ho exactly 
struck the ring in question. This is all that is meant 
Proteblt phrase “ probable error it is an entirely 

artiBcial number, w hich serves to give a sort of nume- 
rical value of the skill of the jaTformer, but is other- 
wise of no importance. Its application has sometimes 
been strangely mistaken. Even the ** rule of least 
squares*' is often misapplied, and empirical laws al- 
togetlicr false have been deduced from it ; for it is 
rare in practice that the chances of error of observa- 
tion of a varying quantity are the same throughout 
the limits of obsenation. 

those applications of the doctrino of proba- 
of TmU- ^ bility which pretend to give us a measure of our belief 
monjr sod in the constancy of natural laws, in the confidence dne 
of l)««go. testimony and to the teachings of history, in the 
proofs of design in cosroical arrangements, — ore 
inquiries which, from their connection with meta- 
physics, religion, and morals, havehad a higher interest 
for mankind at largo than ordinary problems about 
cards and dice. To these Eaplace paid |iecu]iar 
attention ; and the reputation of his namo tended to 
create in others a belief that the analysis he so power- 
fully wielded could communicate a portion of its 
certainty to the data subjected to it, and (lavc a 
currency to many of his conclusions to which wo 
believe them by no means entitled. Professor Play- 
fair, one of tbc most ardent of Laplace’s admirers, has 
recorded (in a criticism in the £<iinbur<jh Review^ of 
the works we are considering) his total dissent from 
Laplace’s doctrine that the transmission from age to 
age of the historic record of a fact diminishes its credi- 
I.ftpUc*'* bility in a geometrical ratio. But a Cambridge 
speculative philosopher of singu- 
lar penetration, 3Ir Leslie Ellis, has most form^Iy 
assailed* the principle of nearly all Laplace’s esti- 
mates of our expectation of events arising from causes 
unknown or assumed to be so, such, fur instance, as that 
a common cause determined the revolution of all the 
planets in one direction. The subject of the meta- 
physics of probability evidently requires a complete 
reconsideration ; aud, owing to tbc singular subtlety of 


the matter, it U one which few persons are competent 
to handle. The state of health of Mr Ellis leaves us 
little hope of his resuming the inquiry ; but two 
eminent niatliematiciaiis, Mr De Morgan and Mr 
Boole, have published considcrahlc works chiefly 
bearing upon it 

As an implement hearing upon discovery in (87.) 
science, the Calculus of Probabilitiea has os yet been PvoWbmty 
of little service. Whilst Laplace tries to indicate bow ” d«^^*** 
it guided his rescarclies connected with planetary irre- cov«ry. 
gnlarities, every one rocs at a glance that, with the 
data before him, common sense must have outstripped 
analysis. Laplace has called the doctrines of pro- 
lability ** gtx^ sense rciluced to calculation.*' ^\^^at 
is to be feared U, that the calculation should outstrip 
the good sense. 


V. Fifthly, We are to consider Laplace's charac- 
ter as a general physicist and as a writer. 

In the former rcs{»ect he stands in a higher posi- J « |>hy- 
tion than that usually attained by eminent analysts, sicut, sod 
In fact, if we compare him with any of his own 
generation, we find him not only letter acquainted* 
with physical principles, and more scrupulous in 
taking account of them in his mathematical discus- 
sions, but even possessing skill and interest in cx- 
periincnts. The Calorimeter for measuring the capa- 
cities of bodies for heat was the joint invention of 
Lavoisier aud himself ; at least their memoir does 
not assign to cither a prtMlominant share in it,* and 
their determinations of the expansions of the metals 
by heat seem also to havo been made in common, 
llis happy discovery of the chief or sole cause of thoMsBotnon 
discrepancy between the theoretical and observed 
velocity of sound (duo to the heat developed by com- 
pression) would alone have given him a just reputa- LaToUier. 
tion, so anxiously hml the matter been debated, and 
so much was it involved in a purely mathematical 
intricacy. Even in his great work on physical as- 
tronomy he takes a peculiar pleasure in embracing 
topics of terrestrial physics. We (here find discussed 
the theory of barometrical measurements, the ques- oo B*n>- 
(ion of atmospheric tides, the laws of capillary atlrac- m-trlml 
lion, and the constitution of the gases. As to the first 
of these topics he mode a practical improvement on 
the formulae of his predecessors, so that his rules are Attraction, 
in fact still in use. As regards capillary attraction,^ Aiiron.i- 
ho was materially anticipated by Young, wbo 
dently considere<l his principles to liave been pinitcHl ; 
yet his theory, though obscured by a display of re- 
dundant mathematics, was a real improvement. HU 
theory of tides, and that of atmospheric refractions, 
though closely connected with physical astronomy, 
were in fact not less so with the doctrines of hydro- 


* Csfflbrldgt TraniactltMW, Vol. VIII. Tha writer of these page* hat alw given bit reatoot for dlewotlDg froen the argu- 
nenti of Michtl) (which hare been Mnctlooed by the authority of Laplace) on an attronomical queetioa aa dtaCBMed by tha 
Theory of Probebllltle*. Bee Phitotophitixl Afojianat for I>ec«Bl*r 1850. 

• Dr Black, the tlbcoverer of latent beat (who wa* pmhably wetl.|Tif)rmed), «taU» In a letter to Watt that bo belierM 
lapUee to have been the InreDtor. Boa ComjpoNdnwe */ W<ttt on ike Deoempotition ^ WoMr, p. 66. 
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djcamica and optics ; and we shall find rery few 
im}>ortaDt branrhes of general physics in which ho 
has not tett some permanent record of his interest^ 
in the course of his career of years of 

anxious devotion to science. 

His largest and most systematic work, the Traits 
rfe M6caiii*pie CSltsU, in five quarto volumes, was 
not only most ably executed, but exceedingly well 
timed. The applications of analysis to physical astro- 
nomy had been accumulating for nearly a century. 
IIundre<ls of memoirs relating to them, dis{xrs<^ 
through many volumes in different languages, writtcu 
with varying ability, in various stages of scientific pro- 
gress, and with dilTering notations, presented a mass 
of reading almost beyond the reach of the most reso- 
lute student. Laplace undertook to digest the whulo 
into one body of doctrine, composed throughout on 
a uniform plan, with the best mathematical aids which 
were known at the commencement of this century. 
And though improremeots and discoveries have been 
since made, the methods and most of the results of 
the CiU»td remain, with little variation, 

the preferable ones of our own time. As a work of 
labour, U may compote with the Pn'ncipio of New- 
ton ; as an original work, it is of conrsc immeasur- 
ably inferior. Its principUs are, in fact, the same 
with those laid down in that immortal code, and its 
deductions are collected (as we have said) from the 
writings of Clairant, D’Alembert, Euler, and Lagrange, 
as well as from the previous memoirs of the author 
himself. Laplace has been too sparing of his cita- 
tions aud acknowledgments, and a consequence of 
this literary avarice has been that he is sometimes 
considered as more of a compiler and less of a dis- 
coverer than is justly his due. For however ill he 
could have dispensed with the skilful preparations 
of his illustrious rivals and contemporaries, his pre- 
eminent sagacity fumisbe^l on several occasions the 
key-stone of the arch which imparted at once strength 
and completeness to the fabric. We have seen in 
the last section that though the credit of the theo- 
rems res|>ccting the stability of the solar system is very 
generally attributed to Lagrange, who, indeed, prin- 
cipally famished the methods, and gave great gene- 
rality to the results, yet the capital discovery of the 
invariability of the major axes of the planetary orbits 
is due to Laplace. It was ho, again, who removed 
from the theory of gravity the two greatest and 
mo&t impracticable difRculUcs with which it had 
ever been assailed — the anomaly of the lunar ac- 
celerations, and the great inequalities of Jupiter and 
Saturn, and by so doing rendered it almost infinitely 
improbable that any future discrepancy should more 
than temporarily embarrass a theory which had tri- 


umphed in succession over such formidable causes of 
doubt. True that Lagrange, in liis memoir of 1783, 
had come within a single step of the first of thobe 
discoveries, and, by a process of exclusion, had almost 
forced attention in the right direction respocting the 
latter ; still Laplaoo seixed the prize in both cases, 
after a fair, prolonged, and arduous struggle. Now 
these three discoveries were the greatest in physical 
astronomy between tliose of D’Aleml>ert and Clalraut 
on the precession of the equinoxes, the motion of the 
lunar apse, and the periodicity of comets, — and that 
of Leverrier and Adams on the {KTlurbations of 
Uranus about a century later. 

The universal testimony of mathematicians is to . 
the efiect that Lagrange was unrivalled as a 
analyst, in his power of generalization, and in the with Lb- 
inherent elegance of his methods; that Lajdace, *”“*?*■ 
with nearly oqual power in using the calculus, had 
more sagacity in its mechanical and astronomical 
applications, or rather, {perhaps, we should say, in 
directing it to the discrimination of causes, and the 
revelation of consequences. 

In other respects he differetl far more widely from (M.) 
his illustrious compeer. He rather courted popu- 
larity, and was pleased at being considered woiThy*^ r»ei*r 
of political distinction. For a short time bo was one 
of Napoleon's ministers; but the Emperor, it is said, 
was more satisfiod with his mathematical than with 
his diplomatic talents. He had none of the shyness of 
Lagrange, nor his repugnance to general society. He 
reoeivetl with affability and kindness those who were 
introduced to him, and his attentions were after- 
wards recollected with gratitude by rising men of 
science abroad. He had a villa at Arceuil, adjoining 
that of Berthollet, and was one of the original mem- 
bers of the “Societ6 d* Arceuil,” to whoso memoirs 
he contributed. He exercised a powerful influence «nd m • 
in the Academy of Sciences, of which for a time he 
acted as dictator, and he was not very tolerant of demy of 
Aiews in science opposed to his own. The undula- Sciencss. 
tory theory of light he always opposed, and was 
mainly determined in doing so by the facility with 
which the attraction of luminous corpuscles could bo 
subjected to calculation. 

The weak point of his scientific character was one so (®2.) 
natural, and perhaps so inseparable from his prevail 
ing studies, that it is not fair to criticise it too severely. ji,pUy. 
This was a love of analytical display in treating ques- 
tions which it rather embarrassed than il]ustrate<l ; 
aud generally, a disposition to overrate the sphere of 
mathematical discovery. This ho had in common 
with Euler, to whom he was very superior in physical 
attainments and sagacity. His language, and tbit id" 
his eulogists,* often amounts to the assumption that 


i Kw ia>une« Ar»ga wyi ('•peaking of ihe InvarinbUlty of the msjov a«*): *• EoUd par la loute-pnUaancs d’sne formule 
matb^malique, !• noode maUnc) •• trouva raffemt lur aea foiidemeeu'* 1644, p. 904). This U Indeed tba idolatry 

of matliematjca. Many example* may be found in Lnplace'i writing* on Probability ; which occaaioned Mr U> tay of him, that 

** to Laplace all the leeaooa of Hlatory were merely confirmation* of the * reraltata de calcul.’ ” To the *axne etTect wax the mol 
of Napoleon, *' that Laplace carried isto the art of government the principle* of the Infinlteilmal calculua.'* 
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thc> manrelloiu power of analysifl, in nnraTcIliDg intri* 
catc consequences of admitted or assumed laws, could 
supply deficiencies of primary conceptdoufi of tBo laws 
of nature, or could teach men fundamental truths in 
natural science. 

(93.) To add to the remarkable list of Laplace's endow> 
more; he was a perspicuous and elegant 
writer. Ills SffttirM du Monde contains a popular 


[Diss. VI. 

exposition of astronomy in theory and practice en- 
tirely original in its plan and execution, and though 
frequently imitated, it is still perhaps the first of ita 
class. 

Laplace was bom in Normandy 23d March 1749, (94.) 

and died the 5th May 1827| leaving in the 
he had so long honoured no one within many degrees 
of his ability in the same peculiar walk of science. 


§ 3. Leoekdre. — I voRT.— TAeory of JnU^raiionf Elliptic TrantcendanU (Abel, Jacobi). 
The Attraction of Spheroids, and Theory of the EarOCs Figure. Atmotpherieal Refractione. 


( 95 .) AnaiEN Mabib Lroendbe was born in France in 
liegeodre. 1752, and died in 1833 (lOth January); he was 
consequently three years younger than Laplace, and 
survived him by nearly six years. Ho formed, there- 
fore, an integral part of that constellation of mathe- 
matical talent of which Paris was for more than 
two genemtioDS the main centre. Like his illustrious 
compeers Lagrange and Laplace, he )nboare<l with 
enthusiasm all the days of his life, and like them was 
engaged in e<litiDg and improving Lis works down 
almost to the day of bis death, at the ripe age of four- 
score. 

(96.) The mathematical career of Legendre was less 
guUb°d u other two whom wc have 

sn sUe just mentioned. He did not possess the wonderful 
mttbe- powers of generalization of Lagrange, and he wanted 
niKticiui. flexibility of mind, and the general physical 
knowledge, of Laplace. Legendre was very strictlv a 
mathematician ; and he has been exceeded by none 
in the unquenchable zeal with which ho pursued sub- 
jects of a dry and even repulsive character, often 
till he had hunted them down by sheer force of ap- 
plication, or, to adopt the memphor applied to him by 
Lagrange, until he carried, sword in hand, the strong- 
hold which he besieged. 

(97.) No more striking proof can be given of these state- 
pp ynents than the unflinching pertinacity with which, 
^iptle during nearly fifty years (1786-1833), he studied and 
Puaetioo*. improved the theory of Integration, applicable to those 
C 0 .SC 8 frequently occurring, which involve the higher 
powers of the independent variable, and which do not 
usually admit of finite expression. Two large works, 
the Exercise* du Catcul Jntegml (1811), and the 
Traiti dee Fowtion* Elliptiquee (1827-32), — the lat- 
ter in good measure a republication of the materials of 
the former, — beartestimony to his diligence; and these 
works were almost entirely original, and contained 
tables of most laboured construction, calculated by 
himself. Hardly any mathematician entered into 
competition or co-operation with him until his 
labours were drawing to a close, when, with a libe- 
rality worthy of all commendation, he welcomed tlic 


analytical discoveries of Abel and Jacobi, which 
were to give on nnlooked-for extension to his own. 

These methmls of integration, and their reference to 
certain properties of the Lemniscate and the Ellipse, 
originated in the early part of the last century 
with Fagnono and Euler. Legendre took up the 
subject exactly where Euler left it, and finally re- 
duced the large class of expressions to which his 
methods arc applicable to three standard forms or in- 
tegrals in which tlic independent variable is always 
expressed by a circular function, and to which a 
numerical approximation may always bo made by 
means of the tables calculated by himself. 

Abel, who succeeded in generalizing Legendre's (99.) 
methods to a far greater extent, was a native of^^i" 41^ 
Norway, bom in 1802 (25th Au^st),^ and died^J^^®“ 
at the premature age of twenty-six (1829, 26th subject; his 
April). His principal memoir was presented to thcPfrMoii^ 
Institute when he was only twenty-four years old ; **“***'7' 
and, to use the language of Mr Leslie Ellis, when 
the resources of the integral calculus were appar- 
ently e.xliausted, Abel was enabled to pass into 
new fields of research by bringing it into intimate 
connection with a new branch of analysis, namely 
the Theory of Equations. The manner in which 
this was done shows that he was not unworthy to 
follow in the path of Euler and of Lagrange.”* 
Legendre’s eulogy of Abel was concise ” Quelle 
tite cclle du jenne Norvegienf* It is less agreeable 
to add that the life of Abel was perhaps shortened by 
poverty and care. Though ultimately befriended by 
Legendre, Poisson, and others, his first visit to Paris(in 
1826) occasioned nothing but disappointment, and his 
groat memoir (no unusual lot, for the same happened 
to Fresnel) lay hopelessly lost amidst the papers of the 
Institute for fifteen years. Much, however, to their 
credit, the geometers aliovo mentioned at length ad- 
dressed the King of Swc<leu on Itchalf of the rare genius 
his dominions contained ; but in vain. Abel died ne- 
glected, unable even to print hi.s researches, which were 
tanlily given to the world in a collected form, at the 
expense of the government which refused to support 


* There U soioe dlKrep&ocjr, m to the year of hli birth, but I believe this to be correct. 

* Report oo the recent pn^r«M of AseljeU. BriUeh Awocistioo Report for 1946. 
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him when aliTO. The French Academy, which had 
btiried his memoir in their moat inacccssible^archiycs,’* 
decreed too late the unprecedented honour of a poet* 
humous medal to his mother. Jacobi, the friendly 
riyal of Abel in his discorerics, died recently, at a 
mature though not advanced age, at Konigsborg, 
where he was professor. 

(99.) But to return to the labours of Legendre. The 
Legendn'a (hcorr of the figure and attraction of the earth 
and of other planets naturally divides itself into two 
tnMtioa of parts — (1.) thc law of attraction of an ellipsoid on 
EUipooida, a material point without or within it ; (2.) the figure 
of equilibrium of a fluid subjected to no forces but 
the mutual attractions of its particles, and the cen- 
trifugal force duo to its rotation. The latter of 
these problems is still imperfectly solved, the former 
completely so, and that mainly in consequence of the 
labours of Legendre and Ivory,' 

(100.) Though thc services of Legendre arc well known 
metlmes admitted, thc superior address of Laplorc in the 
triboM^to applications of mathematics has occasioned his re- 
UpUc*. cclving the credit of what in some instances belonged 
to thc former. 

(101.) Morlatirin, by an exercise of svnthGtic skill not 
cxcccdccl since the death of Newton, had demon* 
° strated the attraction of an ellipsoid of revolution 
upon a material point anywhere u'lMin It or on its 
sui/oce, as well as for an exterior point in the 
prolongation of its axis or in thc plane of its 
equator. The same problem was nAcrwards ana- 
lytically solved by D’Alembert and Lagrange. In 
1782, Legendre, by a profound and complicated 
analysis, obtained an expression, by means of series, 
for the attraction of an exterior particle generally, 
and he was the first to imagine and employ those 
artifices of calculation known usually by the name 
of ** Laplace’s functions.” Laplace made a step 
towards the simplification of the expression of ex- 
terior attractions, but the complete solution was 
reserved for Mr Ivory, as I shall mention below. 

(102.) Thc other labours of Legendre need not be spe* 
Other cified hero. He co-operated in thc trigonometrical 
work*. survey of France, and gave the formula, known by 
his name, for approximately redudng a spherical to 
a plane triangle. He also wrote on thc orbits of 
comets, and on the method of least squares. 

(103.) James Ivobt, the most considerable British matho- 
trery- matician of his time, or that bad appeared since Mae* 
laurin, was bom at Dundee in 1765, and studied at St 
Andrews along with Sir John Leslie. The most ac- 
tive period of his life was passed as mathematical pro- 
fessor at the Military College of Marlow (afterwards 
removed to Sandhurst). He was essentially a self- 
taught mathematician, and spent much of his time in 
retirement He fathomed in private the profoondest 
writings of the most learned cootinental mathemati- 


eians, and, at a period when but few Englishmen 
were able to understand those difficult works, he 
showed his capacity of adding to their value by ori- 
ginal contributions, not unworthy of tho first ana- 
lysts. We pass over his earlier contributions con- 
nected with mathematics and astronomy, several of 
which are contained in the Transactions of the 
Royal Society of Edinburgh, and proceed to his 
most celebrated paper, published in tho Philoso- 
phical Transactions for 1809, in which ho com- 
pletely and definitely resolves the problem of attrac- 
tions for every class of cllipsoi^l bodies. After 
what has been stated above as to the position of tha 
problem as treated by Legendre, a few words will 
explain the precise import of Ivojy'i Thtotfm, one of 
the most celebrated mathematical results of that time. 

We have seen that tho attraction of an ellipsoid (104.) 
on a point icitJiin or at its surface had been assigned 
by Maclaurin. Tho theorem in question cnablcs*"^^*^^ 
us at once to reduce tho case of an exterior attracted •ttnetion 
point to that of a point on tho surface of the ellipsoid, ElHp- 
Suppose an ellipsoid having the same excentririty, 
and with the principal sections parallel to the first, 
but whose surface passes through tho given exterior 
point lA‘t points on tho surface whose co-ordinates 
parallel to tho three axes of the rospectiye solids are 
proportional to those axes be called correxpondiny 
points/ then the attraction parallel to each axis 
which one of these bodies exerts on a point situated 
on the surfiua of thc other is to the attraction of the 
latter on the ** oorrespouding point” of the sur- 
face of thc former, as tho product of the two other 
axes of the first ellipsoid is to the product of thc two 
other axes of the second. By this means tho attrac- 
tion on an exterior point is accurately expressed in 
terms of the attraction on an interior point, which 
is known. It is fair to add that both Legendre and 
Laplace bad somo glimpses of thc principle, though 
they failed to apply it to tho direct solution of the 
problem, and between the publication of their Me- 
moirs and that of Mr Ivory there elapsed nearly a 
quarter of a century. 

Besides this paper, Ivory contributed many others (105.) 
on the subject of thc attraction of spheroids and the 
theory of the figure of the earth, during a period of ^**’*”‘ 
nearly thirty years ; several of these were controversial, 
and (lid not odd materially to the progress of the sub- 
ject; others are consider^ os masterpieces of analyti- 
cal skill. One of thc last subjects which occupied liis 
attention was the possible equilibrium of a spheroid 
with three unequal axes, which Jacobi hod discoveml. 

Between the labours of Ivory and those of Legen- (lOO.j 
dre a great analogy subsists; for the doctrine of ellip- 
tic integrals also occupied thc attention of thc former. 

But next to the theory of attractions, that of At- (107.) 
mosphertc Re/raotion most seriously engaged 
attention. Its great importance in astronomy, andf^*^ ** 


Ses tb* STtlcles Attbaction sod Fioobb or tbb Eabtb (tb« fonaer hy Ivory) io this EoeyclopwdiA. 
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the curious matbematicftl difTlculties which it pre- 
sents, renders it very interesting to analTsts. I/a- 
plaee had applied to -it his method of Generating 
Funetions ; Kramp had introduced into his (now 
■carce) treatise the almost new Calculus of Factorials ; 
and others, like Bessel and Atkinson, had skilfully 
combined theory and ohserration for the construc- 
tion of useful tables. One of the most curious re- 
sults of recent enquiries into this subject is, that Sir 
Isaac Newton’s table of refractions [Phil. Tmnt., 
1721) must have been founded on a profound con- 
sideration of the problem, such as no one else thought 
of till a much later period, and is so numerically ex- 
act as to agree closely with tlie later tables, Kramp’s 
for example.* 

(108.) Mr Ivory attained the age of seventy-seven, dying 


on the 21st September 1842. Probably his unceasing 
devotion to a confined and abstruse topic of enquiry, 
reacting on a sensitive frame, rendered him in some 
degree irritable and nnsocial. He^was not altogether 
responsible for this ; but students of science should 
recollect that diversity of occupations and interests is 
suliscrxicnt not only to bodily health, hut also to men- 
tal equanimity and vigour. 

The historian of science dwells with a special in- 005**) 
terest on the results of Ivory’s labours, when we 
cal the singular destitution of higher mathematical uon mT 
talent which had reigned in this country for so long a britUh Ma- 
period, and which left us not only no position in ihe^^®*** 
great struggle going on abroad for the advancement 
of physical astronomy, but scarcely even the rank of 
Intelligent spectators. 


§ 4. Pr<H 7 r«a of Physical Astronomy tince the publication of the Mecanique Cc/cste.— -POI8805.— 
Theory of RotaiHon (Poinaol). — Mr Atry — The SoUir Theory. — MM. Plara and Harser — 
The Lunar Theory. •^Physical Attrononxy in America. 


(110.) The more that any theory of a mathematical kind, 
that of Gravitation, advances to perfection, 
pbyflicid«i*thc less reason have we to expect great and striking 
trononj. results in the prosecution of it, and the more intense 
and continuous is the labour in matters of detail ne- 
cessary to make any advance at all. 

(111.) As regards the general and popular view of the 
subject, we might pass at once from the epoch of La- 
palllcfttlon grange and Laplace to that of Loverrier and Adams, 
of the Notwithstanding, however, the necessity of extreme 
compression, I must devote one short section to men- 
tioning the chief labours in connection with physical 
astronomy of four eminent men mentioned in our title, 
who may fitly be cnnsidcrc<l as the immediate succes- 
sors of Laplace. Two of them will be again referred 
to in this discourse. 

(112.) Stmior Dkkis Pojssor, bom in 1781, may be 
said trnly to have been brought up at the feet of La- 
grange and Laplace. He was their pupil in the first 
and brightest years of the Polytechnic School, where 
he was especially noticed by the former. He had 
the distinguished privilege of being literally their 
fellow-worker, his early memoirs having reference to 
their labours, and stimulating the still vigorous mind 
of Lagrange to the production, in his latest years, of 
several memoirs, which have been considered worthy 
of his best days. I refer more particularly to Pois- 
■ubUUv of proof that the stability of the planetary system 
u»t when perturbations of the second order are 

taken into account, as has been stated in the first 
section of this chapter, Art. (65.) This was in 1808. 
Soon after, following out another of Lagrange’s ad- 
mirable generalizations of his theory of Arbitrary 


(Constants, he embraced in a common aeries of 
mulie the result of those mechanical laws which 
regulate the rointion of bodies, together with those 
concerned in their translation in space. This im- 
portant subject (rotation) continued at intervals to 
engage the attention of Poisson, not only as re- 
ga^s iho motions of the heavenly bodies on their 
axes, but also as a branch of common mechanics. 

The basis of this intricate doctrine was laid by Huy- 
gens ; Euler, in a celebrated and original work, 
gave it a general and analytical form; D’Alembert 
solved by it the problems of precession and natation ; 

Laplace demonstrated the constancy of the time of 
the earth’s rotation round its axis. This last pro- 
blem was more fully discussed by Poisson, who showed 
by theory that neither can the earth ever rotate round 
an axis different from its present one, nor can the 
time of its rotation vary in consequence of any ex- 
ternal attractions to which it is subject. These two 
matters are of the utmost moment; the first prevents 
the latitude of places from varying, and also renders 
impossible the extensive flooding of dry land by the 
waters of the ocean, which would be the evident con- 
sequence of snch a change ; the second assures us 
lliat the grand unit of reckoning in all ages, the|?^^*'>L 
basis of astronomical chronology and of 
astronomy generally, the Unyth of the mean solar c(av,day. 
has not varied, and never will perceptibly vary under 
the action of known forces. Laplace had long be- 
fore proved, by a comparison of ancient eclipses with 
modem observations, that, practically, the length of 
the day had not varied in 2000 years. It appears, 
indeed, that since the earliest recorded Chaldean 


* See Blot la CtfnMura«<« et«ifViiipf,1839; aad Baily’i Lift o/ /’/aewieed. 


Digitized by Google 



Chap. lU 5 4.1 PHYSICAL ASTRONOMY' — MM. AIRY, PLANA, AND HANSEN, 27 


oclipw (that of n.c. 7‘20). the rotAtory velocity ha« 
not alterecl by one ten-milUonth part. 

013.) An eminent contemporary anJ rival of Poisson, M. 
M Kou^ Poinsot, has added many eb'jjant pro(M)siuona to the 
tioB. Theory of Rotation. M, Poinsot is also the author of 
(he Tlicory of Spiticnt Couples^ which now forms part 
of all elementary treatises on mechanics. 

Poisson wrote many other papers on subjects of 
writinirt of astronomy, such, for example, ns the Lunar 

Tlicory, but they did not lead, on the whole, to strik- 
ine conclusions. In fact, he allowed himself to 
be diverted from this his most natural calling, by 
the ambition of constructing a system of Physics 
mainly founded on Uie applications of analysis. 
Some bulky volumes of this series appeared, espe- 
cially those on Capillary Attraction,' and on the 
Theory of Heat. The author here shows him- 
self as a profound analyst, hut »lds little to our 
knowledge either of principles or of important re- 
sults. A similar criticism may be applied to his 
theory of Elastic Suhetances, and to his doctrine of 
Waves. His papers on Magnetism and Electricity will 
be mentioned olsowhcre, but their character is some- 
what similar. In Optics be was attached to the 
Newtonian theory. In Mechanics not rwjuiring as- 
sumptions as to the properties of matter, he was very 
Bucocssfiil. Ho was eminently a solver of bard pro- 
blems : his investigation of the whole circumstances 
of motion of a projectile in air deserves notice. 
Indeed every bhinch of mechanics received his atten- 
tion, and the number of his printed papers is said to 
exceed three hundred. On the whole, ho will, per- 
haps, be most generally and favoumhly known by the 
tii# Treatise on Mechanics wliich hewrote for the 

cbanica. Use of advancecl students. He was an eminent and 
diligent Professor, and his whole life was one of almost 
unremitting stndy. *' La mV U travail*^ was his 
reply, when urg^ to consult his health by reposing 
from hU labours : and he actually died in the dis- 
charge of his duty as examinator of the Polytechnic 
School. This occurred on the 25th April 1840, in 
the fifty-ninth year of his age. 

Mp^A^^*^on Aiay on tAe p^rturAafion by Venus of the 

the ptrtur- motion. — Wc here detach from what we shall 

beiioD of elsewhere have to record of the eminent services ren- 
b**Veu» ^®red to the cause of astronomy by the present As- 
^ tronomer Royal of England, a notice of his chief dis- 

covery in physical astronomy, the more remarkable 
from being almost the only improvement in the theory 
of the planetary motions, os applicable to the tables, 
which hail procewlwl from an English mathematician 
for a very long period. Sir James South called at- 
tention, in 182G, to a small but well marked devia- 
tion of the Sun’s place from that given by Ihdambrp’s 
solar theory (the Son's place or the Earth’s are of 
course convertible terms). Mr Airy, then Lucasian 
professor at Cambridge, institutiMl, in 1827, a more 
extensive comparison with the Greenwich Obserra- 


iions, and attributed the error chiefly to the assump- 
tion uf erroneous masses for Venus and Mars. But 
prolonged stmly satisfied him that it arose from a **long 
inequality,** arising from the mutual action of the 
Earth and Venus, simitar in its nature to that men- 
tioned in Art. (68), as detected by Laplace in the 
case of Jupiter and Saturn. It arises from the cir- 
cumstance that eight times the orbital period of the 
Earth ts almost equivalent to thirteen times that of 
Venus. Terms of the series expressive of the mu- 
tual action of the planets, whicli arc divided by tliir- 
teen times the mean motion of the former minus eight 
times the mean motion of the latter (which is a very 
small quantity), may consequently t^coroe consider- 
able ; still mure, those involving the square of this 
quantity. Such terms belong to the fiflh and higher 
orders of the cxcentricity, and would consequently be 
very minute indeed, but for the casual magnitude of 
their cocflicient. The labour of tracing out and cal- 
culating the effects of these important terms from the 
vast mass of algebraic developments is enormously 
groat, — much greater tlian in the corresponding case 
of Ju{nter and Saturn. As the calculations are not 
very likely to be repeated, Mr Airy took extraordi- 
nary precautions in their verification. The period 
of the inequality dc{ionds, first, as has been explained 
in Art (67), upon the period required to carry the 
point of conjunction of the two planets completely 
round the circumference. Tliis period is no less than 
270 years. The perturbation is of course mutual, 
and aifccts the place of Venus as well as of the Earth. 

Mr Airy is idso the author of investigations con- (116.) 
neeted with the Figure of the Earth, and the Theory 
of the Tides [see Art. (82)] ; and he has published va- 
luable Tracts on Physical Astronomy for the use of 
students. 

Sir John Lubbock's name deserves mention here (117.) 
as having devoted his energies, about the same time^'*' 
with Mr Airy, to intricate and laborious researches 
connected with the least inviting parts of physical 
astronomy, and striven to redeem England from the 
reproach of indifibrcncc or incapacity in respect of 
such inquiries. The chief object of his numerous 
memoirs (in the Philosophical Transactions for 1830, 
and following years) is to express, in a more conve- 
nient and exact manner tlian had been in use, the 
complicate<l scrieses indicative of the perturbations as 
well in the Lunar as in the Planetai^ Theory. 

The Lunar Theory: MM. Plaxa and Haksmt,— 

M. Plana, an astnmomer and analyst of the greatest and Baa- 
merit, who fortunately still docs honour to the native tb* 
city of Lagrange (Turin), though the author of a great 
numl>cr of Memoirs in the Transactions of the Turin 
Academy, on diflerent points of Applied Mathema- 
tics, is, and will be, best known by his elaborate and 
learned treatise on the Theory of the Moon, This 
extends to three very bulky quarto volumes, which 
are, so to speak, one moss of symbols. Nothing can 
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gire ft more iropressiTnideftof tho condition at which 
Physical Astronomy has now arrived, than a glance at 
tins mountain of intellectual labour, — especially 
aa to the intricacy, inexpressible by words, of tho 
motions of our own satellite. Here we have a work, not 
much smaller in appearance than the whole ^f4caniqH4 
C4leHe, devoted to this one object. It is not su]K‘r* 
fluous to afld, that this U no cliimcrical undertaking 
—no curious puzzle — no learned trifling; the Lunar 
Theory is the grand basis of the Art of Navigation. 
The real and imun use to mankind of our companion 
planet is a discovery of these latter ages : her cheer- 
ful and beneficial light, which all ap|ir«>ciatc, and all 
enjoy, may almost be termecl a secondary boon. 
OrM^ork merit of M. Plana is not so much that of 

uf tb« for- original geometer, outstripping the theories of La- 
oitr. place and Lagrange, as of a most intrepid and skilful 
calculator, who has contrived to place in complete 
order the whole matheinaiical and many of the arith- 
metical steps of tho solution of one vast problem, ex- 
tending to some 2000 quarto pages. The calcula- 
tions he has made unaided ! The details are ar- 
ranged in so lucid a manner, as to court enquiry 
from those interested in verifying them ; and though 
the readers of so abstruse and indeed repulsive a 
work must be few indeed, it has already proved 
of essential service in the way which was intended 
— the improvement of the lunar tables. Tho ap- 
proximations by scries are in all cases carried to 
the fifth powers of small quantities, and, in some in- 
stances, to the seventh powers. Sir John Kerschel 
has expressed in forcible and picturesque language 
the nature of what is wanting to tho complcteni'ss 
of Laplace’s investigations and which M. Plana has 
■applied, as regards the theory of the moon’s motions: 
— “ In the Mienniqut we admire the elegance 

displayed in the alternate interlinking and develop- 
ment <3^ fonnuUe, and exult in tho power of tho ana- 
lytical methods used ; but when we come to the 
statement of numerical resnlts, we quail before the 
vast task of filling in those distant steps ; and while 
cloud rolls after cloud in majesty and darkness, wo 
feel our dependence on the conclusions attained 
to partake of superstitions trust, or of amicable 
confidence, rather than of clear and demonstrative 
conviction.”' The courage of M. Plana did not 
** quail” befi)ro the serried ranks of symbolic legions. 
He attacked them first, and finally be^mc tlieir com- 
mander. But more than this ; on (ho satuo high 
authority, ” his analysis is always graceful, his com- 
binations well considered, and his conceptions of the 
ultimate results to be expected from them perfectly 
just, and justified by tlic results when obtained.” 

I may hero mention that M. Plana, in conjune- 
tion with M. Carlini of Milan, undin’took the calcula- 


tion of the moon's motions from theory alone (that is, 
with only the fundamental constants required to 
given by observation), in compliance with a pro-Tha^ry 
gramme issued by the French Academy of Sciences sione. 

on the proposition of Laplace ; and that a French 

. * ' xL Datnoucaa. 

geometer, M. Damoiseau, on the same occasion, pro- 
duced an independent investigation with very elabo- 
rate and valuable tables foundod thereon. 

M. Plana is tlie author of many otlier more (ISl.) 
circumscribed researches on important points in phy- 
sical astronomy, in geodesy, and in mathematical 
physics. 

M. Haxsex, a Uerman astronomer and analyst (12S.) 
of great merit, has made the most recent considerable 
improvement in the theory of the moon. We will 
first, however, allude to an Invention which is ap- 
plicable to the whole tlioory of pcrturliatiori. 

We have seen, in the first section of this chap- flS3.) 
ter, that (he effects of perturbation may be cousidered 
cither as applicable directly to the three co-onli nates p«rturb«- 
of the |ierturbc<l body, or to tlie variation of the ele- tioos. 
ments of the orbit consi'lcred as instantaneously va- 
rying ; that the former method has the advantage of 
l*eing in most cases, and cs|>ccial]y in first approxi- 
mations. most direct; tho latter is most applicable 
to secular in<‘qualitics, and has a great recommenda- 
tion in tho exact physical couceptions on wHlcli it is 
founded. M. Hansen has proposed a third method, 
a refinement, in fact, on that of Lagrftnge, in which, 
by on assumption purely mathematical and arbitrary, 
ho throw.<) the elf^t of perturbation entirely on the 
element of rimf, so that with the time so altered, and 
invariable elliptic elements, tho conditions of pertur- 
bation may be satisiiod, and the true place of the 
body may result from the calculation. Such is the 
general nature of the conception, which, to bo carried 
out, requires the introduction of subsidiary terms, 
which serve to correct the latitude and radius vector. 

The advantages which are an^lorstocMl to follow from 
this highly artificial mode of procec<liug arc stated to 
be (1.) that the Berieses expressing the perturbation of 
the co-ordinatc‘8 are more cunve^nt than in the 
other methods, and likewise the coetficients of the 
terms to be retaine<l are more easily calculated ; (2.) 

M. Hansen considers tliat his method enables him 
to ascertain with certainty those terms which, when 
fully calculated, vtiW affect the reaiilt in a sensible 
manner. Tho inventor has ap<|)lied his methods both 
to the Lunar and to the Flanetary theory. 

We have said Uiat physical astronomy is indebted (124.) 
to M. Hansen for a notable improvementin the theory 
of the Moon, — the discovery, in fact, of fwo inoquali- 
tics of long period, the existent of which had been 
more than suA|>cctcd from observation. but which were 


* Sixiftf't UtHUkif Xotiees, vol. v., p. 37. Th« I««t txprettiont mtj Mtoni*h torofl p«raoa*. but esperitnreU sos* 

Ijttcmt »Icul*U>r« io th« Mme view. Mr Airy {probably the taoet competent authority lo Britala) rutaa the »ama thing 
to many pawagea of bis writinga, to tbe effect that the avtoence for cuaclusiDQS so obtained u rather that of m^ral tbso of im- 
ihowarisai certainty. 
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(125.) 

HID Other 

worki. 


not accounted for. In the infancy of the lunar thi*orr, 
Euler had predicted tliat it would always be im< 
potsiblci on account of the perturbing forces uf the 
planets, to predict the Moon's place within 30" ; and 
it was a quantity of about this measure which re- 
mained outstanding afler all the resources of analysis 
seemed e.\.haustcd. M. Poisson and Sir J. Lubbock 
showed that the anomaly could not be duo to the 
solar action, nor yet to the irregularity of the Earth’s 
figtire. The planetary attractions, then, alone re- 
mained. M. Hansen discovered two independent in- 
equalities due to the action of Venus. One of these 
is an indirect (or, as it is sometimes called, rtfiected^ 
dlect depending on the change of form of the Earth's 
orbit by the attraction of Venus, which, of course, 
modifies slightly thesolar perturbation of tlie Moon's 
longitude. It is, in fact, a secondary consequence of 
long inequality* of Venus and the Earth investigated 
by Mr Airy [Art (115)], and has the same period, 
namely, about 240 years. Its greatest amount is 
23*'2. The other inequality discovered by Hansen 
is of a still more carious and complicated kind, which 
goes on increasing for 2000 lunations, when it at- 
tains a maximum valne of 27"*4 in lon^tude (al- 
though the perturbation of the radius vector does not 
exceed 10 /«^), after which it dinunishes for an equal 
space of time. 

By these discoveries, the movements of our re- 
fractory satellite may bo considered to be, after an 
unprecedented amount of labour, accounted for by 
theory almost or quite within the limits of the pre- 
sent accuracy of observation.^ M. Hansen has re- 
cently boon engaged in perfecting the practical details 
of the lunar theory, in accordance with the extensive 
reductions of the Greenwich obten’atious which will 
be mentioned in the next chapter. He has also given 
the first complete theory of ** Foucault’s pendulum,” 
also to be mentioned hereafrer. Altogether, ho 
stands amougst the most eminent analytical astrono- 
mers of the present day. 


AVe have in this section selected (though not by ( 126 .) 
design) representatives of the four great intellectual - 

communities of Europe, engagud in the mighty task 
of perfecting the theories of physical astronomy. Astronomy 
Poisson for France, Airy for England, Plana for 
Italy, Hansen for Germany. It would bo easy, of 
course, to add the names of many others engagetl in 
similar works, and scarcely less deserving of notice. 

Some of these will find a place in other chapters, and 
we have yet one section of this chapter to devote to 
the history of a discovery of rare interest, in which 
Franco and England have a joint share. We may m Europe, 
bu allowed to mention the names of M. DamoUcau 
and M. Pontccoulant in France ; the former known 
by his excellent lunar tables deduced from theory, 
the latter for his calculations of cometary perturb^ 
tion, and his compendious treatise on physical as- 
tronomy, bascMl on the MScau\(jH6 CiUsU ; in Italy, 

MM. Carlini and Santini. But in Germany these' 
studies have been perhaps most systematically pur- 
sued. MM. Gauss and Encke have only not been 
included in this section because we find it more suit- 
able to our plan to associate the name of the former 
with his theory of Terrestrial Magnetism, and the 
latter with the recent history of Comets. Bessel 
likewise was a physical as well as first-rate prac- 
tical astronomer. 1 will here only add that these und in 
severe and arduous studies have at length been America, 
effectually cultivated beyond the limits of Europe. 

Mr Bowditch (bom 1773, died 1838), a private Uowditeb. 
gentleman of the United States, undertook the 
gigantic labour of translating and illustrating, with 
a complete commentary in which every difficulty is 
considered, and every step of analysis supplied, the 
Mdeanique Cdleste of Laplaoe. Since his death, a 
younger race of American mathematicians has taken 
up the great problems of physical astronomy, amongst 
whom may bo mentioned Mr Walker and Mr Peirce. 

Tbe latter gentleman has recently (1863) published 
lunar tables, embracing the latest researches o( theory. 


5 6. M. Leverriee — ^Mr Adams. — The inverse method o/ Perturbatione* Prediction of the place 
and orbit of Neptune from the motione of Uranus. 


We have now to chronicle a discovery which, by 
coTtryof general consent, stands first in the acliievements 
from***** science, not only in the period now under review, 
th«ory c^cn in the long and inoutful series of years 

MM. Le- which have elapsed since Kewton established the 
A^rn» doctrine of universal gravitation. 

discovery of which we speak was no less 
luclrcum- than the proof of the existence of a planet beyond 
tuaces. the recognised boundary of our system, merely as an 
inference from the perturbed motion of the outmost 
planet Uranus ; a proof, not general or abstract, but 


(127.) 
Th« di»> 


particular and specific : ” Look, on such a night, 
and in such a direction, and there you will see (by 
the telescope) a star, small indeed, but with a distin- 
guishable ^sk, — tAat is the planet which has made 
Uranus move so unsteadily in its orbit;” — so spoke 
the mathematician ; and the zealous astronomer, to 
whom the call was especially addressed, pointing his 
glass to the sky, discovered at once, that is, the same 
evening, a body answering almost precisely in position, 
as well 08 in brilliancy, to the oracular announce- 
ment. 


I M. Ilajiseq hM ftbo ditcovered tbe eoqrM of • •tuall Inequftlity of tbe Moon’s Ulitude, dstseted from observstiOD by Mr 
Airy. His theory of tbe Mooo's 6gors hu bott* referred to io « noto to Art. (67.) 
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StDOC the publication of tbc Principin, or rather 
in-e should saj since the ^at theory contained in 
that work hod fully attracted the sympathies of 
thoughtful and able men, nearly the whole science of 
physical astronomy consisted in the solution of one 
vast and intricate problem, which has been called the 
“ Problem of the Three Bodies.” To this were bent 
tlie powers of Clairaut, Euler, Lagrange, Laplace, 
Plana, Hansen, and so many more. ** Let throe 
Ixxlies be placed and move in a g;iTcn manner in 
space and attract one another hy the Newtonian law, 
to determine the motions as affected by their mutual 
influence.” Tl»c problem solved independently by 
the two analysts whose names stand at the head of 
this section is this, “ Given two bodies (the Sun and 
Uranus) and their relative .motion, to find at any 
moment the position of a thin! body whose attraction 
shall bo required to account for thoac motions.” To 
have solved this new and far more difficult problem 
(under certain limitations) is a triumph altogether 
unlike in kind to any of the other brilliant successes 
of which wo have had to speak in the precoding 
pages. 

The great intricacy of the problem is not perhaps 
at tho first moment fully apparent. The pertur- 
bation of the known planet (Uranus) is not the 
effect, either in direction or in amount, of the attrac- 
tion of the body sought, either at the instant, or at 
any previous instant. It is an accumulatcfl effect 
arising from tho totality of the mutual influences of 
the two planets during a long space of time, and 
under a variety of circumstances, which circum- 
stances it is the aim of the solution to discover. 
Bui, more than this, we do not even know tho quan- 
tity or direction of the perturl»ative action at any 
moment for which the cause is sought, for we do not 
know the purely eliiptie elements of Uranus. Uis 
motion has, hy hypothesis, been always troubicti by 
this exterior planet, and Uranus has been so short 
a time known and observed (only accurately since 
1781) that tho motion has not yet been cicaretl of 
ordinary inequalities (due to the action of the unseen 
body), which, therefore, are inextricably mixed up 
with the elliptic elcuients. It is absulutoly necessary, 
therefore, to suppose not only tho elements of the 
new planet to be unknown, but also tlic elements of 
Uranus to be severally affected by unknown errors. 
This nearly doubles the unknown quantities to bo 
found. 

We shall now glance at tho history of these un- 
explained perturbations, and at tho rise and growth of 
the idea of their being explicable by the influence of 
an unseen Ixxiy. 

After Sir William Herschel had discovere<J, in 
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1781, the planet which he called Georgium Sidus, IrregoUri- 
(aftt-rwnnls named Herschel, and finally, by general ^ 
consent, Uranus,) it was easy, by a few observations, 
to ascertain its approximate orbit and distance from 
the sun. But the extreme slowness of its motion 
(it will not have completed a single revolution before 
1861) made it impos.riblo to determine Us elements 
with precision, until it had been discovered that the 
records of astronomy contained about twenty observa- 
tions of this body before its planetary nature was 
discovered ; being, in fact, registewKl places of fixed 
stars where no stars exist, concurring in brightness 
and position with the circumstances of Uranus at 
those remoter pcrio<is ; tho earliest of these obser- 
vations was one of Flamsteed, in 1690. The first 
person who constructod tables of the planet was De- 
lambrc ; but oven at that early period, it was ro- 
marked, that the modom were not satisfactorily recon- 
cilable with the andent observations; and, finally, 

Delarabrc included of the latter only one, by Mayer, 
which ho did, he tells us, “ out of pure respect,” al- 
though it certainly rendered tho tables less oxact and 
less durable. The longer the planet was observed, 
and the greater the care that was expended in analys- 
ing and combining the observations, the more clearly 
it appeare<l that the tables had only an emptrieai cha- , 
racter, satisfying observations for a few years before 
and after the time for which they had been con- 
structed ; and that, in particular, os tUc nineteenth 
century atlvancol, the deviations from elliptic regu- 
larity became more and more intolerable, till the “an- 
cient” observations were at length totally given up. 

This was the state of matters in 1821, after M. 

Bouvartl of the Observatory of Paris, a most able cal- 
culator, had exhausted every resource in improving 
the Tables of Uranus. A few years more gave that 
patient astronomer tho mortification of seeing bis 
tables as obsolete as those of his prtKlecessors, and nu- 
merous surmises were circulated as to possible expla- 
nations of (he anomaly ; a failure in the law of gra- llypotb«<w« 
vity, cometary perturbation, a resisting medium, sccount 
and, finally, the presence cd" an unseen planet, wore 
amongst these guesses. The last and most plausible 
of these hypotheses occurred to many; amongst 
others, to Mr Hussey in England, M. Bouvard in 
France, mid later to M. Bessel in Germany ^ The 
first of these astronomers actually consulted Mr Airy, 
in 1834, on the possibility of predicting the place of 
the perturbing planet from theory, anfi then disco- 
vering it by observation. Mrs Somerville, in 1838, 
gave a precise expression to the same idca.^ From 
this time the subject could nut Iw lost sight of. Tho 
errors of the tables which in 1821 were insen- 
sible, increased in 1830 to 15* or 20*, and in 1845 


1 Clairmat. oearlj s Mntary befor«, in cslcolatlag the rvtoro of UsUej’i comst, his tod tbs possibls psTturbstioo doe to % 

pUost superior to ?t*tura. 
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ftmount^i to two mtnuttv of longitude. M. Bouvartl 
to his latest years, perhaps His latest hours,^ chc* 
rished the hope of extricating this theory from iU 
difEcultica. Ue also engaged his nephew M. Eugene 
Bourard in the same career, who appears to have 
foUowcHl it with much zeal and intelligence, and 
in 1815 constructed new tables of Uranus. But by 
this time two geometers hod separately and inde- 
pendently undertaken the problem, with the deter- 
mination of finding, if possible, a physical solution 
of all this perplexity. The earliest in point of date 
was Mr Adams, a young grorluate of Cambridge; the 
other was M. Leverrier of Paris, whose attention 
was directed to the subject by M. Arago. As the 
researches of M. Leverrier, though second in point of 
time, occasioned the actual recognition of the planet, 
and thus starope<l the correctness of the solution with 
success, we shall consider them in tho first instance. 

(133.) M. Leverrier is, we believe, a native of St Lo 
Normandy, a province which has been singularly 
productive of eminent men (Laplace and Fresnel 
* were of the number). With no advantages, but tho 
reverse, he won a high position at entering the 
polytechnic school, which he constantly maintained. 
Ho at first, we believe, attacliod himself to chemis- 
try, but hU taste for physical astronomy was soon 
developed, and was advanced entirely by his private 
elTorla. It is a peculiarity of the mode of culti- 
vating the sciences in Paris, (hat such abstruse 
and difficult stu«lic8 arc not merely engaged in tem- 
porarily for purposes of academial distinction.but that 
they actually b^me a “ carri^re” or calliwj, and arc 
pursued in t)mt methodical manner for which the 
French arc distinguished. In 1845, when ho com- 
menced the cardul examination of the theory of 
Uranus, M. Leverrier was already favourably known 
by his researches on comets, and on the orbit of 
Mercury, but especially by immense calculations, con- 
nected with tho secular inequalities of the planets, by 
wliich his ability and hardihood in computation had 
been thoroughly exercised. He began his new en- 
quiry with the method and intrepidity of calculation 
which distinguish him. He revise<l with the most 
minute care the observations of Uranus, and 
computed afresh every sensible perturbation which 
theory recognised as arising from known planets. 
This done, and having compared the most probable 
orbit with observations which he collected from 
authentic sources, and especially from the Greenwich 
olraervations which were communicated to him for 
this purpose, the result was, that even confining 
himself to observations since 1781, arranged in 
eleven convenient groups (each resulting from many 
observed places), and attributing to each group the 


largest error which could be in reason allowed, 
ami even admitting that all these errors were in tho 
direction must favourable to the assumption, it was 
still impossible to account for more than one-fourth 
part of the observe*! discordances. 

M. Leverrier then assumed that a perturbing (134.) 
planet existed beyond the orbit of Uranus, and at 
nearly doable its distance from the sun, in conformity 
with the empirical law, (usually attributed to Bode 
the Gorman astronomer,) which expresses with gene- 
ral accuracy, thus far, the arrangement of the planetary 
system. The law is, that the distances of the planetary 
orbits from Mercury are successively doubW. This 
assumption — (it was absolutely necessary to assumo 
some distance to begin with) — was ingeniously con- 
firme<l hf^ other considerations. 

Leaving the perturbations in latHufle out of ac- (135.) 
count, he now considered each error of Uranus in 
longitude as the expression of a perturbation due 
to the action of tho unknown planet, and capable 
therefore of algebraic expression in terms of the ele- 
ments of that planet, namely its eccentricity, longi- 
tude of perihelion, epoch in its orbit, and moss ; but, 
as we have already remarked, the first three of these 
elements must be considered as incorrectly assumed 
for Uranus itself, as well as the mean distance of that 
planet, and, therefore, there are four unknown corroo- 
tions for its elliptic elements, making in all eight quan- 
tities to be eliminated from the discordances of theory 
and obsorvaiion. So complex an elimination cannot 
bo directly effected ; and even if it could, tho result 
could not be depended on, as the possible error of 
each observation involves a fresh and important 
source of doubt in the conclusion. M. Leverrier 
proceeded, by a series of gradually restricted assump- 
tions, to find within what limits the more imt>ortant 
elements might be made to vary without producing 
effects incompotiblo with observation, and his atten- 
tion was at first confined to the approximate mean 
longitude of tl»e planet. He ohtaiticd a result afikT Their rv 
a prodigious amount of tentative calculation. The 
cxccntricity and position of the perihelion were then 
inferred. On the 1st Juno 1846 he announced to 
the Academy of Sciences that the true longitude of 
the expected planet for 1st January 1847 was 325* 
with a probable error of 10*. This r<»ult was im- 
mediately published in the Comyits .Aendus. 

Between the 1st June and 3lst August 1846, (las. 
when his third memoir on the pcrturl»ations of W- 
Uranus appeared, M. Leverrier busied himself in ob- •’***' 
taming a farther approximation to thp elements and ment; 
place of the suspect^ planet Ho now assumed the 
correction of the mean distance amongst the other 
quantities to be sought By a fresh calculation he 


* M. Bourard wan bom In 1767. Ue performed almoet all of tbe numerical calculatlone required bj Laplace in hU great 
work, and waa aaeociated with that emiuent nan by tlie moat friendly tioa. Ila ** ceaaed to calculate and to Ihre'* 7th Jona 
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deduced a complete Hat of clomcnts a« rrganU lon^* 
tudu ; anddimiuudied the meau distaucc conaiderably. 
The true lonjpiudc by this calculation differed only 
ir from hi# previous eatimation. , He 6nda for the 
mean distance from the Sun 36 times that of our 
Earth (that of Uranu-s being 19), the period 217 
years, and tho mass sa^ss Sun's. Assuming 

the density of the planet to be the same as that of 
Uranus, he conjectures that the apparent dianicter 
nrill 1)0 S'-S ; that it vrill therefore have a visible disk 
sunident to distinguish it from a fixed star, and that 
its hrilliancT should equal that of a star of the 6th 
or 9th magnitude. As the result of these supposi- 
tions, he found that the whole errors in the places 
of Uranus from 1781 to 1844 were reconciled within 
quantities amounting but in one instance to ; that 
the ancient observatious of the 18th century were 
reconcilefl within 7* or 8" ; and tho oldest obacrva> 
tion of all, that of Flamsteed in 1690, had an out* 
standing error of 20*, a quantity very far from exces- 
sive, considenngthc state of astronomy at that period. 
fl37.) No one who read at the time the abstract of ibis 
Muliiag In remarkable paper in the C>mpte4 Jiendut faileil to 
^ struck with not only os regarded the weighty 
N«ptniw by matter, thus publicly announced, but also on account 
M. Onlle. of the calm and welI-grounde<l connetion which tho 
author manifested in the truth of his boldconclusions, 
and the definite manner in which he gives the chal- 
bmgo to practical astronomers to verify or disprove 
them. *' Since Copernicus declared” (according to the 
prevalent tradition) “ that w hen means should he dis- 
covered for improving the vision, it would be found that 
Venus had phases like the moon, nothing,” writes Mr 
Airy, **so lK>ld,and so justifiably bold, has been uttered 
in astronomical prediction.” M. Leveirierhad hastened 
his calculations in anticipation of the approaching 
o])position of tho new planet in the autumn of 1846, 
but it is very doubtful whether astronomers would 
have made the diseoven* at that time, but for his per- 
sonal application to M. Galle, then assistant-astro- 
nomer at Berlin, where a powerful refractor suitable 
for the search existed. ^ ardent a conviction in a 
manner compelled the proof which the geometer 
claimed, and M. Galle, whose intelligence and zeal 
arc well known, pointed his telescope to tho sky the 
very evening that M. Leverricr’s letter reached him. 
Fortunately provided with a newly published star 
map by Brcuickcr of that region of the heavens, w hich 
was not at that time diffused generally amongst 
European obserratories, he detected that same night 
(the 23d Scptqpbcr 184G) a star-like body of the Bib 
magnitude, not noted in the star ehart, therefore a 
wandering b<xly, having a manifest disk from 2J* to 
3* in diameter, and distant only //fy-/our minutes of 
a dtSffrte from the predicted place. 

(I3i%.) Xt will be remarked that the discovery in question 


was anticipated and completed in France and Ger- 
many alone; Englandhaduodirectporticipation. Wo 
must now, however, slate briefly what occurred there of 
a similar character at the same time, and even earlier. 

Mr John Couen Adxus, when a student at St (13®*) 
John’s College, Cambridge, in 1841, formed the de- 
sign of detecting the position of a perturbing planet 
which should accountfor the' anomalous motions of 
Umiius. He made a preliminary essay on the pro- 
blem in 1843,' assuming the distance of the suspected 
IxkIt from the Sun to lie double that of Uranus. 

I learn from good authority that ho obtained a place 
for the unseen planet not very different from that 
which he finally adopted. Early in 1844 be ob- 
tained from Greenwich the valuable series of plaoea 
of Uranus which were afterwards in like manner ap- 
plied for by M. I.cverrier. In September 1845, he 
communicated to Professor Challis the elements of the 
new planet's orbit (iieglectiog the inclination) and an 
epbeuieris of its geocentric place; and in October be 
transmittedtheclcments alsototho Astronomer Royal. Ur Adam« 
This, it will be observed, was soon after M‘. IjCTcrrier’s 
attention was first directed to the subject, and nine ^ 

inonlbs previous to his announcement of the locality ia- 

where the new bo<ly should be sought. Mr Adams v«rtigs- 
afh!rwards repeated* his calculation with a mean dis- • 
tance lotb less than before, and considered himself 
warranted, by tho improvement thus produced os the 
residual errors, in inferring that a farther consider- 
able diminution of the mean distance would satisfy 
the observations still better. This was communicated 
to Mr Airy on tho 2d September 1846 ; subsequently 
therefore to the publication of M. Lcvcrricr’s Ele- 
ments. Mr Adams, in communicating his results (at 
a later time) to the Astronomical Society, with charac- 
teristic modesty says, ” I mention these dates merely 
to show that my results were arrived at independently, 
and previously to the publication of M. licvcrricr, 
and not with tho intention of interfering with his just 
claims to the honors of the discovery, for there is no 
doubt that his researches were first published to the 
world and led to the actual discovery of the planet by 
Dr Galle.” 


And such is no doubt the fact. The priority of Mr G*0.) 
Adams in the mathematical investigation is as certain 
as that the researches of M. licverrier alone produced aiKovered 
tho discovL-ry of Neptune. Even the search for the hi con««. 
planet which took place in August and September 4“«**c«* 
1846 at Cambridge by Professor Challis, was not oc- 
casioned by Mr Adams’ researches only ; it was the 
near coiucidencc of the longitude assigned by Mr 
Adams in the previous October with that published 
by M. Leverrier in June 1846 which induced Mr 
Airy to suggest this investigation of the heavens, 


and to offer (if need were) himself to lieiir the ex- 
pense. Had the planet been discovered^ at Cambridge 


The plsnet wu ind««id mn st Cssibri'igt bj Mr CbsUiii, ft>r it w 4B recorded more th«n onc« aaioogfft the nomerou* fixed 
■Urn wboM pUcM were uken down la the progreti of Um search; but u the cooap&rtsom of the *' sweeps'* were Dot mede st 
the tloM, the discovery wea soUclp*ted by li. GsUe. ® 
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bdbr« it was at Borllu, M. Lcvcrricr miut «till liavo 
had a shara in the credit of suoccm. 

(141.) It is perhaps to be regretted that Mr Adams ha<l 
Remark* Dot given bis whole investigation to the world, or 
on^Uw hl»- loaat published liis results, so as to avouch the 
confidence which he felt in his own prediction, and 
to throw upon practical ostronomcn general the re- 
sponsihilitj of its verification. Uad he done so in 
1845, it is ponilfU that the planet might have been 
discovered at the opposition of that jear ; but it is at 
least certain that M. Leverrier's claims to priority 
as regards the discovery of Neptune would have 
been effectually anticipated. But it is only just to our 
countryman to recollect the difference of his age and 
position. M. Leverrier was at the time about 35 
years of age, and was a candidate for the sub* 
stantial benefits as well as for the honour of a mem- 
bership of the Academy of Sciences. Mr Adams 
must have been nine or ten years younger at the 
period of this discovery, a circumstance which en« 
hanoes our admiraion at the acluevement, whilst it 
gives an additional grace to the modest conduct of 
the author. 

(U 2 ) I hove endeovoured to state correctly (with due re- 
gard to the limits of this essay) the main facts of the 
must curious case of double discovery which, perhaps, 
the history of science presents ; and happily as to the 
facts, down to the minutest detail, no discrepancy of 
opinion ever existed. Different minds will, with per- 
fect truth, attach more or less distinction to the two 
illustrious rivals,— neither of whom lias for an in- 


stant lowered the dignity of his position one 
ungenerous expression, — hut that the absolute merit 
of both is of the very highest character is on all 
hands admitted. “ The names of M. Leverrief and 
Mr Adams ” said Sir John Horschel, addressing the 
Astronomical Society, ** which Genius and Destiny 
hare joined, I shall by no means put asunder ; nor 
will they ever be pronounced apart so long os lan- 
guage shall celebrate the triumphs of Scieuce in her 
sublimest walks.** 

But before closing, I must briefly state how far 
tho orbit of the planet Neptune, when disooverwl, vstloaof* 
realized the previsions of theory. A fortunate cir- Neptuaa «• 
cumstance rendered it easy to obtain at an early 
period a cprreet knowledge of the elements. It seems 
that the planet Neptune was observed by Lolande at 
Paris on the 6th and 10th May 1785, and entered 
as a fixed star, notwithstandiny a dittinct chanye of 
place ^etwem the o&s«rtKirions, actually corrcspomling 
to what the planet should have had.* But such an 
oversight had been made by Lemonnior in the case 
of Uranus. By means of this observation of fifty 
years back, the orbit was easily computed. It is a 
singular and startling fact, that, except ns regards the 
longitude on the orbit, the other elements computed 
from observation were somewhat widely different 
from those aasigned by M. Leverrier and Mr Adams. 

We shall present them in a tabular view. The value 
of the mass in the last oolumn is calculated from the 
elongation and period of a satellite of Neptune dis- 
eovei^ by Mr I^sell. 


Epoch of Elements, 
Mean I.<mgitade, 
Mean DUtanee, 
Period, . . 

Long, reribelios, 
Ezceatricity, • 
Mms, . 


TAeory— ZsvrmVr. 
1st Jan. Ib47. 
318* 47' 

3615 

217‘4 years 
284* 4.V 
0-1076 

of Sun's 


TA/ory— Ado nM. 
etbOct. 1S46, 
323* y 
37-24 ■ 

m* ir 
0-1206 

vtS* 


06 icr 4 ^f lOB— Walker. 

1st Jsn. 1847- 
328’ 33' 

3».l-04 
164-6 
4r 12* 
0-00872 
tsU«’ 


(144.) The difiercnccs of theory and observation are so 
striking as to have occasioned surprise to many per- 
sons that, with data so erroneous, tho perturbations 
of Uranus or tbe longitude of Neptune at the epoch 
of discovery should have been obtained even approxi- 
mately. 

(145.) The fact, however, is this : — that tho mutual per- 
“j,(urbalioM8 of Uranus and Neptune arc sensible for 
erwnwul” a small portion of the joint orbits when the 
elcmaotii ploneU oTo nearly in conjunction. The conjunction 
to tho ^wheo tbe mutual distance is least and the attraction 
discovery, strongest) took place in 1822. Now the places of 
Uranus from 1690 (the first obserration) until 1800 
can be sufficiently well represented by elliptic ele- 
ments. The perturliation of Neptune became een- 


•ible therefore only twenty years before conjunction. 
In this time Neptune describee (really) only ^ of a cir- 
cumference, or 45% and relatively to the motion of 
Urantu about the same. It is evident then that 
even a considerable error in the period of Neptune 
would scarcely sensibly affect the law of perturba- 
tion during twenty years, and that the approximate 
determination of tho place of the perturliug planet 
about the time of conjunction will nut be much 
affected by the error of that assumption. Again, 
as to tbe error of mean distance, we may observe, 
that since tho mutual action of the planets is 
confined within such (comparatively) narrow- limits 
of space and time, though we might anticipate a toler- 
able approximation to the inten-al between tbe bodies 


^ One of tb« otBcrrstiooa was attiiprataad la the publication, and ooly dUcovered on aearcliiog Lalanda’a MS. 

* This waa th« hjpotheaU upon which Ur Adaini isade bia accond or corrected calculation of elemcnta. VavcrthcleiS^ he 
Inferred from that calculation that tb« SDcaa distance might with much probahility he rtdgced to 33-4. 

^ I'icrce. fitntvc'a tuasa la 
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ihat titMf it woald be unreasonable to expert a 
wrrect detenninataon of the form and ellipticity of the 
orbit ofNcptune,such os mi^ht belookcd forif the per- 
turbations wcrcseustble throughthc entire orbits; and 
in fact, bj Tar}*ing the position of the perihelion and 
U)C amount of excentricitv, wc mar, for an orsume^ 
mean distance, obtain anv value whatever for the in- 
terval of the two planets at a particular time. Wo 
have seen the origin of the false assumption of mean 
distance on the part both of M. Leverrier and Mr 
Adams, and we find ihat the mathematical solution 
corrects to a great extent the error of that assump- 
tion I7 giving a correspondingly incorrect position of 
the perihelion, and also an exaggerated measure of 
the exoentricity, by which two ciirumstancca the 
planets of both malbeinaticians would have had, near 
the time of conjnnction, a distance from the sun of 
only 32 or 33 r^ii of the earth’s orbit, the true dis- 
tance being about ^ part less. This still remaining 
error was palliated, and evidently might for a time 
have been completely masked, by assuming amass of 
Neptune proportionally too great, as inde^ the table 
wc have given shows was the case. 

(U6.) That the discovery of Neptune took place at the 
ibe db<^ time when it did was no aeddent The conjunction 
very took of Uranus and Neptune, when alone the perturbation 
place when of thc elliptic elements is perceptible, is a rare phe- 
It did. nomenon, occurring but once in about 172 years. 

The last conjunction previous to 1822 was in 1640 : 
we have seen that the attention of astronomers was 
importunately called to thc subject by the irregu- 
larities in thc motions of Uranus at thc first con- 
junction succeeding its discovery. 

(147.) We are indebted to Professor Petroe and Mr 


Walker of the United States for many useful inves- Principsl 
tigations connected with the orbits of Uranos and **j*jw»u*y 
Neptune ; but it is to he wished that tbe theory were 
completely re-examinoil, and also the problem of the tone, 
inverse method of perturbations which has now be- 
come a systematic portion of physical astronomy. 

Thc near commensurability of the two pcrio<ls pre- 
sents a pceoliar case of perturbation similar to thc 
long inequality of Jupiter and Saturn; but os its 
period is no less than 4047 years,* although the 
coefficient of the inequality is considerable, it will 
not perceptibly alter the motions of either planet 
except in a long course of years. 

It will not be supposed that either M. Leverrier or (148.) 
Mr Adams could, after such a memorable triumph, Otfa«r 
abandon the pursuits of physical astronomy. The 
first has continued his researches on the orbits of uid Lever- 
comets and on the perturbations of the solar system ; rler. 
and having been recently appointed to socc^ M. 

Arago in the direction of thc Paris Observatory, wo 
cannot doubt that ho will infuso new life into its 
management. Mr Adams has made the discovery of 
some important oversights in the details of the lunar 
theory. One of these, with reference to Laplace's 
Theory of the Secular Acocleration of the Moon's 
mean Motion, has been referred to in a note to Art. 

(62). Though Mr Adams occupies no public post, and 
though ho has declined the honours of a title, his con- 
tinued residence at Cambridge must influence very 
beoeflcially the studies of the place, where some of 
his many friends have foand<^ in memory of his 
achievements a perpetual prize for thc advancement 
of physical astronomy, which is denominated thc 
Ad^s Prize.’ 


CHAPTER HL 

ASTRONOMY. 

% 1 Maskelyse — Delambre. — Progre»9 of Practical Aitronomy from 1770 till 1810 — Of the 

Lunar Theory deduced fronx Ohtervation^The Deneity and i^i^ure of the Globe. CavendUh ; 

Daily. Trigonometrical Surveys. 

(149.) As examples of those astronomers who most concri- whether of the motions of the heavenly bodies or of 
buted in the period of which wo now principally speak thc figure and density of our own planet, I have se- 
(I77O-I8IO) to the progress of aroet observation, lected Maskolyne and Delambre. Their characters 

* AcconllDg to ili« eUcolktiom of M. Pslnon (Camh. Trum4. to), is.). 

* It hu be«D our btulDMt to coculoniis the huiory of lb* <lltooTeiy Xrptane within • compoat pmportionod to th» generml 

•eheme of thi« DiMerUtion. Tbft r«*d«r who <le«ire* farther detail! wUJ eoaiult M. Lererrier'! Memoir on tbe rertnrbatiaDi of 
the Hrrechcl planet (Uranii!) in tbe Connaiinmce dn Tkeipe for 1849 (alao publiabed aeparatelj), aad in tbe Cknupu* Mtndtu for 
1846 ; Mr Adame* peprm io tbe A*a«ctVai A/mKiaoe for 1851, an4 tbe jhtronawtieal 8o<i«ty't JfmoiVi, voL zvL ; Mr Airy 'e iingularly 
curioue and impartial Ilietorical Account in the 7th eol. of the A»tr<m<mi<tU So<istf'§ Monthly JV«(ice« f M. ron LindcMu'e Uletory 
in Schumacher e (ErgaDiODgBheft) (faToorable to M. Leverrier) ; Grant'e Uiatorj of Fhyrieal Agronomy (advocating 

principally tbe ctalme of Mr &ir J. Ueracbel'a Vutiimaof AMtnmomy oootala a vary valoabla deecriptioo of the ecientifle 

part of tbe queeUoo. 
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were both distin^uishetl br modesty, simplicity, and 
lore of truth. Of all their contemporaries of emi- 
nence, few escaped so happily from the unproGtable 
strife of rivalry and jteraonal disputes, and none ex- 
hibited a more impartial desire for the advancement 
of the science to which they were devotedly attached. 
Perhaps neither was a man of lofty talent, yet they 
did not fail to secure deservod respect in their own 
day, and for more gratitude from the posterity whom 
they essentially benefited than falls commonly to 
the share of men of higher pretensions in this re- 
spect. Both their names are important links in the 
history of astronomy. 

(160.) Nevil Maskeltne, bom in 1732, and educated at 
^“**‘®*y®*i Cambridge, was early attached to astronomical pur- 
suits. After various minor services connected chiefly 
with navigation and the discovery of the longitude, he 
attained the honourable post of Astronomer Royal, 
which he filled from 1765 till 1811 with distinguished 
success. His immediate predecessor was Dr Bliss, who 
held the office for but three years and without dis- 
tinction. Practically, Maskelync may be said to have 
succeeded Bradley, probably the greatest astronomer 
whom England has yet seen, whose discoveries have 
been recorded in the last Dissertation, and whose 
observations, through a variety of circumstances, were 
destined rather for the benefit of the nineteenth cen- 
tury than for hU own. Maskelyne wisely recollected 
that the observatory was mainly founded for the 
improvement of navigation,' and one of his earliest 
labours was the establishment in 1 767 of the ** Nau- 
tical Almanac,*’ a work based on the best astronomi- 
cal observations and of the highest service to seamen. 

During Maskclviio’s long tenure of office ho was 
entirely devoted to its duties, making himself all the 
most delicate observations, particularly those of the 
moon, and rarely quitting the observatory except to 
attend the meetings of the Royal Society. The per- 
fect method and continuity of his observations give 
to them a great value, especially for the correction 
of the Lunar Tables, in which respect they are indeed 
without a parallel. But the rcgulari^ of their 
pufdication was not their least merit. Four largo 
folio volumes include the patient labours of a life 
(for he had but one assistant). Delambre in his 
character of Maskelyne says, that if through some 
catastrophe the whole materials of science should bo 
lost, except these volumes, they would suffice to re- 
construct entirely the edifice of modem astronomy.'” 
obw- Maskelyne’s accession, the only methodi- 

vation at publication which had issued from Greenwich 
Orvaowlcb. Observatory was the ** Historia Celcstis” of Flam- 
steed; Halley’s, Bradley’s, and Bliss's observations 
remained in manuscript. A like fate attended roost 


of the foreign astronomical observations ; labours 
the most irksome and conscientious lie buried in 
piles of MS. useless to science, and which therefore 
might almost as well have never keen made. This 
is particularly the case with the Parisian observa- 
tions (as the impartial Delambre records with pain), 
commenced oven iKiforo the time of Flamsteed ; but 
which, owing to this cause principally, have remained 
oven to the present day (and it is /or(y yeart since 
Delambre wrote his patriotic protest) without con- 
tributing materially to advance astronomy. Let it 
then be recorded to the honour of Maskelyne, that 
this important step of regular and full publication 
at the public expense was entirely dne to him. His 
places of the sun, moon, and planets, were the founda- 
tion of tho improved theories of physical astronomy, 
then more ably cultivated on the Continent than in 
Britain, and of the tables also chiefly furnished by 
German and French computers. 

Maskelyne’s more important contributions to G&l.) 
scionco may bo briefly stat^ under these two heads ; 

— ^The determination of the Lunar orbit from observa- 
tion, and its application to navigation ; and the de- 
termination of the local attraction of Schehallien and 
of the density of tho earth. 

I. The determination of the Lunar Orhit from Ob- G62.) 
servation an>i iUapj>Ucationto Naviyalton . — Though 
astronomy owes (as we have already said) much to 
Maskelyne in the exact determination of the places 
of the sun, planets, and tho most conspicuous fixed 
stars, the comparison of the Lunar place with the 
tables was by far the most arduous and the most im- 
portant of his undertakings. It was the most ardu- 
ous, because, from the extreme complexity of the 
moon's motions, every part of its orbit must be nar- 
rowly watched, requiring the astronomer’s presence 
at his instruments at all possible hours during the 
course of a lunation, these motions being subject to 
important changes which recur every nineteen years, 
besides others of yet for longer duration. It was 
Maskelyne’s good fortune, and at the same time the 
reward of bis perseverance, to watch three revolu- 
tions of the lunar nodes. He did not content him- 
self, however, with making observations ; he contri- 
buted in every possible way to the improvement of 
the tables of tho moon’s motion. He was in con- 
stant eommunication with Mayer, one of the ablest 
astronomers of his day, and he directed the calcula- 
tion of Bradley’s observations by Mason, for tho far- 
ther improvement of Mayer’s Tables. Maskclyne’s 
own observations, to the number of at least 6000, 
were used by Biirg in bis excellent tables of the moon 
which have even yet been hardly surpassed; but 
their full value has only been tested recently by the 


* lo tbs wirrsnt appolotleg FUmttesd to be the Royal ** AstroDomicol Obeerrator,” hU doty it declared to be ** to rectify the 
tablet of tha motiooa of the faeavena and tbe fixed tUra, ao as to find out the to much deaired longitude at see, (ot perfectiag the 
art of navigatioe.’* 

* From an article on Oreeawicb Observatory la the £<fdi6«ry& £w4«w, writtaa by the author of Ibis Disaertatioo. 
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(153.) 
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ti«il AUtta- 

IHW, 


(154.) 

AttnbctloD 

of niouo*^ 

t&iiw. 


sTstematic mluction of all the lunar observations of 
Maskeijme and Pond, and a comparison with DamoU 
seau*8 tables, under the direction of the present As- 
tronomer Koyal, Mr Airj. 

But, for the application of tho method of lunar 
distances to navigation, farther aid than the con- 
struction of good tables iras required. This Moske- 
Irne provided by obtaining the regular publication 
of the Nautical Almanac, superintended by himself, 
and containing the distances of the moon irom the 
principal fixc<l stars at prcsletermined hours for tho 
meridian of Greenwich, a comparison of which with 
the distance observed by means of the sextant in any 
part of the world enabled the seaman (after proper 
reductions) to infer the exact Grte^miah time of the 
observation, and thence, by comparison with the loc<d 
time obtained by the usual methods, to obtain his 
longitude. To this, long admitted to be tho best 
practical solution of the celebrated problem of the 
longitude at sea,’* Maskelyne contribute*! probably 
mure than any other person. His " Lunar Distances’* 
were reprinted in the French Almanac {Connoissancs 
dcs Tema) for a consklcmblc number of years. 

II. The determination of the Attraction of Sche- 
Aa/h>i}, and of the Tho deviation 

of the plumb-line from the vertical by the neighbour- 
hood of a mountain had been pointed out by Newton^ 
08 a direct consequence, and also os a test, of the 
principle that gravity resides in every |jort of tho 
earth as well os in the earth os a whole. Bouguer 
had tho merit of pointing out the form in which the 
experiment might bo made, and of making tho trial, 
though in a rude and insuflicient manner, in the 
Peruvian Andes in 1738. He observed the effect of 
the mountain on the soutli side only, but at two sta- 
tions unequally distant from its centre of attraction. 
The numerical result being (as the author himself 
admitted) without value, Maskelyne proposed to the 
Koyal S^ety in 1772 to repeat ilic observation on 
some British mountain. A “ Committee of Attrac- 
tion” was named, which, besides Maskelyne, included 
Cavendish, Franklin, and llurslcy. Cavendish, as 
might have been expected, took an earnest part in it. 
The search for a suitable hill was confid^ to Mr 
Charles Mason in 1773. Skiddaw and the York- 
shire Hills were first thought of, but finally Sche- 
hallien in rerthshire was preferred.’ Thither Mas- 
keUnc himself |>roceede*l in 1774, with his assistant 
Burrows, and by those two, with the aid of a local 
land-surveyor, the labour of the astronomical and 


chief geodetieal operations, including the measure- 
ment of two base lines, was ofTcctcd between the 30th 
Juue and the 24th October, notwithstanding the 
hindrances of a most unfavourable season. 

Tho distance between the two stations obtained with (155.) 
Ramsdon's 9-ineh theodolite, was 43G4'4 feet, which 
in the latitude of Schehallien corresponds to 42' 94 
of latitude. The observed dilTerence of latitude by u ScbebAi- 
337 obsen’ations with Sisson’s 10-fect zenith sector bsn. 
was 54''6.’ The excess, orll'’6, is the double at- 
traction of the hill drawing the plumb-line towards 
itself at the two stations. The sine of tliis angle, or 
irlsTf represents tho actual ratio between tho double 
attraction of the bill and the attraction of the earth. 

But by the computation of the attraction which the 
hill ought to exert, from its figure, as determined by 
Moakelyno's gauges, were its density the some as that 
of tho globe generally, this ratio should amount to 
which can only be accounted for by assuming 
the earth to be denser on the average than tho hill 
of Schehallien in tho proportion of 17804 to 9933. 

This deduction was mode by Dr Hutton by means of 
a troublesome calculation of the summation of the 
attractive clTects of a number of vertical prisms into 
which the hill was imagined to be divided. The arti- 
fices of calculation were, however, doc to Ovendish 
(who it will be recollected was on the ” Committee of 
Attractions,”) os Mr Airy ascertainod from his manu- 
scripts. A careful lithological survey of the hill K«rtb‘» 
enabled Professor Playfair to deduce the probable ^ 

mean specific gravity of tbc globe to be between 4 56 
and 4'87» which w*as somewhat greater than Dr 
Hutton assumed it. 

This is the proper place to mention an experiment (156.) 
on the density of the Earth perhaps still more ro- MicliWi 
markable, devised by the Uev. Mr Michell, who con- 
structcu the apparatus, but nrst put in practice by rlm«nt fur 
Mr Cavendish in 1797-8. It consisted in measuring the same 
the force of gravitation between two spheres of such 
small size that they could be moved by the hand 
nearer to or farther from one another. The essen- 
tial part of the invention was to contrive a balance 
so delicate as to measure the almost inappreciable 
tendency of such small bodies to unite. Newton had 
shown that the attraction at the surface of any sphere 
is directly as its radius, which he obscrvi^ must 
always be incomparably smaller than their tendency 
towards the earth, that is, their weight. In the 
largest and heaviest masses with which it has hither- 
to been found practicable to operate, this tendency 


^ !)• Muixli S^BlsinsU, | 22. Kewton, in s Terj rvmnrksble pamnge of tbo Third Book of tbs Principia (Prop. X.X eon- 
joctoros tbst ** the qontitity of nutter in the earth mey be 5ve or eU time* grenter then if the whole were compoted of weter.” 

* A leugbable mictake of in hie eccunnt of the Hchebelliea experimeot fin bU AunMCtityn Jtt Hontapnt*) la commented 
on by Playfair in the Uioburgb Uaview. in a note to the word Scheballien, Zaeb aaya, ** Montage appdee dan* 1» payi cu 
langue £n« Maidtn fO|>, qot reut dire eroye It i* nccdlm to add that then two alleged «y«vtiy«u are different in- 

terpreutioea given by tiaelie adiolara of the word. From tbla Inaccuracy," adde hie reviewer, “ bU r^dence in London 
ought to have deliver^ him, for though be could not learn there what waa Kree, he might have learned what waa KogUah." 

’ Zacb obtained the aame rctoU exactly by including all the ohservatiooa, oa Uaakelyne had provLxionadly obtained by uaiog 
only tboeo stats on which be BKMt depended. 
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Binounta to onl^ a very minute fraction of a grain. 
How could such quantities b« accuraul^ estimated, so 
as not only to leave no doubt of the phenomenon of 
gravity thus acting on the small scale, but to deduco 
its amount, and hence to weigh the globe 1 

(tS7.) Michell imaginedfur this purpose tiu balance of tor- 
B^ncr^*”* *•<>”» ^^ich was re-invented by Coulomb (who probably 
first executed it) forthe purpose of measuring electrical 
forces. Micfacll’s apparatns came first into the hands 
of Wollaston, then of Cavendish, who mode the experi- 
ment. He used a very light rod of deal, six feet long, 
suspended by a fine silver or copper wire, forty inches 
long, within a wooden case to defend it from currents 
of air. At each end of the lever was hung a ball of 
lead, two inches in diameter, and by a simple con- 
trivance a pair of leaden spheres, weighing, together, 
348 pounds, could bo brought simultaneously into 
the ncighl)Ourhood of the balls (but outside the cose), 
on opposite sides, so that their attractions might con- 
cur to swing the suspended lever out of the position 
of repose which it had previously taken up, under 
the action of the slight twisting force of the silver 
wire. A new position of rest was thus established, 
the small balls being pulled as much one way by the 
attraction of the spheres as they were urg<^ in the 
opposite direction by the torsion of the wire. The 
position of repose being observed from a distance by 
a telescope (to avoid disturbance from the heat of 
the observer's body), the great spheres were then 
changod in position so as to act upon the opposite 
sides of the small balls, from what they formerly did. 
The deflection and new stable position would be as 
much on the other side of the zero, and the arc de- 
scribed would be an accurate measure of the double 
deflection. The force of torsion for 1® of deflection 
is known by the time of oscillation of the lever 
and balls when free, and as the forces arc exactly as 
the angles, the force corresponding to any displace- 
ment becomes known. Cavendish conducted the ex- 
periment with his usual patience, judgment, and suc- 
cess; he found the joint attraction of the small balls 
and large spheres to be about of a grain, their 
centres being 8-85 inches apart, and he thence com- 
RMfllt. puted the density of the Earth to bo 6'48 times that 
of water. Cavendish's paper is as usual a model of 
precision, lucidity, and conciseness. The attraction 
of the fixed parts of the apparatus is calculated and 
allowed for. 

(15S.) It would be difficult to mention in the whole range 
B«tljr t r«- of physics a more beautiful and more important ex- 
periment It has been repeated since by Reich of 
Freiberg and Baily of London. The former obtained 
6*44, the latter 6*66 for the Earth’s specific gravity ; 


this last result being worthy of much confidence from 
the extraordinary care taken to avoid errors and to 
obtain independent values of the quantities sought.* 

Maskelync oontinuod his zeal for the promotion of (169.) 
astronomy to the last. He superintended the publi- M«ke- 
cation of 45 annual volumes of the iVdiiticoi jilma- ^vemToto 
Mac. He left the wliole of the observatory work in at Gre«a- 
perfect order, and the greater port printed. He had »ich. 
the well-earned satisfaction of finding his observa- 
tions in request in every civilized country, the bases 
of the most useful tables, and the tests of the most 
advanced theories. He cultivated the friendly cor- 
respondence of astronomers in every country. Not 
given to change, he preserved the instruments and 
chief methods of tbe immortal Bradley ; but suffi- 
ciently alive to the necessity of progress in the 
sciences, he intro<luc<!d many simple but practical im- 
provements in the art of observation. Even in his 
lost years, satisfied that the celebrated quadrant of 
Bird was no longer the best instrument for its pur- 
pose, and was brides sensibly deteriorated by use, 
he adoptiKl the circle instead (then recently come into 
notice, though first used more than a century before 
by Rdmcr), and directed the construction of that by 
Troughton, tbongh it was not placed at Greenwich 
nntil after his death, which occurred in 1811, in the 
70 th year of his age. His biographer Delambre 
mentions, that a considerable number of his posthu- 
mous memoirs were put into the hands of Professor 
Vince for publication. They have not, however, ap- 
peared. 

Practical astronomy was on the Continent far be- (160.) 
hind its state in England at the period of which we 
speak. The various national obeervatories contri- Caatiseot- 
buted comparatively little to tlic progress of science; oU*rTs- 
but there were of course exceptions, a few of which 
we will here onefly notice. 

The discovery of the four small planets^ C^res, (16* ) 
Pallas, Juno, and Vesta, the first by Piazzi, the second 
and fourth by Olbers, the third by Harding, gave ccle- tinent. 
brity to those astronomers, of whom Piazzi and Olbers Olber»— 
were farther distinguished by many important labours. 

To tbe latter we owe the discovery of several comets, 
and one of the best methods of calculating their or- 
bits from observation. He was a person of much 
simplicity of manner, made his observations with the 
most unpretending means in the attic of his house, 
and died at a great ago generally respected. His 
firmest friend was Baron von Zach, who had no slight 
share in the discovery of the new planets, owing to 
his having instigated the association of twenty-four 
astronomers, chiefly in Germany, for the express pnr- 


^ Tbs ezperimtats of Covemiivh sr« rtlaled in tb* " Philosophical Trsosactiona” for 1798 ; thos* of Ktich in n Mpant« nnall 
work, eDtltl«<l ** Vertneho iabor di« miultro Dichtigkrit dsr Erde,** Freiberg, 1838 ; tboee of Hail; ie the ^ Memoirt of th« 
Aitroaomical Societj,’^ toI. zir. A Hill more recent eeries of eKperimeoU bj^ R«kh gives 6-58. a close approxlmatioo to Bailj’t 
reenlt.^i'Aff. March 1863.) From obeervatioDS with a peatlolum In Harton coal-pit in 1864. Mr Atry baa obtained a 
density higher than any of tbe above. 

In tbe PiAh DiseerUtioD, page 789, IlardiDg instead of Olbtn is osa»ed as tbe disoovirar of Vesta. 
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pose of asoertainiog whether no planetary body filled 
the Toid between Mars and Jupiter. To Piazri, of 
Palermo, we owe a most excellent catalogue of fixed 
stars from observations with a moveable circle of 
four feet radius by Kamsden. Oriani of Milan was 
likewise one of the best informed practical astrono- 
mers of his time. 

(163.) In France, after the death of the celebrated La- 
caillc, perhaps Lalande (who was exactly Maskclyne’s 
contemporary) was the most active astronomer. To 
him and his nephew we owe a very valuable catalogue 
of 50,000 stars, lately editc<l by the British Associa- 
tion. But practical astronomy was seriously neglect- 
ed in France generally. The national olraervatory 
was feebly superintended by the later members of 
the Cassini family; of the French expedition under 
Maupertuis to measure the length of a degree in Lap- 
land, the Abb6 Outhier alone, it is said, knew how 
to use a quadrant, and the celebrated Lagrange was 
as ill informed until instructed by Lalande.^ 

(163.) Hut the most important labours of the French 
French «rc astronomers at the dose of the last, and at the com- 
rfdlsn™^ mencement of the present century, were in carrying 
out the measurement of the arc of the meridian from 
l>uukirk to the Balearic Isles, with the more imme- 
diate object of fixing the length of the m«tre, but con- 
tributing to the solution of far more considerable pro- 
blems connected with the riovBs or the eaetu. We 
connect this labour with the respectable name of De- 
lambrc, who was more intimately associated with it 
than perhaps any other person, though united with 
such eminent men as M4chain, Biot, and Anigo. 

(164) DELAjinRBwas the pupil of Lalande, who used to 
D«l*iabr« ; sav that his disciple was his best work, lie first ob- 
biicharsc- toincd distinction as a computer of tables. Those of 
u[«D^ the motions of the Sun, J upiter, Saturn, and Uranus, 
and of the satellites of Jupiter were deservedly 
prized, and some of them arc still the best of their 
doss. He was a man in whom the love of truth and 
accuracy was cousiacuous. Learned and patient, he 
spared no pains in acquiring knowledge, and in using 
it to the best purpose. As a calculator he was emi- 
nent, Physical astronomy he did not cultivate, ex- 
cept with a view to compare its deductions with facts. 
He was intimately conversant with all properly as- 
tronomical methods and formulas. lie knew the his- 
tory of every problem, and the details and modifica- 
tions of every astronomical instrument. He has 
embodied the results of this vast industry in a series 
of works (forming six quarto volumes) on tlie his- 
tory of his favourite science, which are without a 
|»arallcl for fulness and impartiality. He lalraurcd 
os conscientiously to ascribe the due credit to Hip- 
parchus and Ptolemy os to hold an equal scale be- 
tween the merits of French and British astronomers. 


His critical knowledge of the ancient languages (for 
he could speak Greek with fluency) was not more re- 
markable than his complete fre^om from national 
prejudices. Both attributes qualified him pre-emi- 
nently for the oflice of an historian. He published 
also a large treatise on astronomy, and numerous 
memoirs on practical subjects in the ConaotMoncs 
dfs Trms between 1788 and 1817. 

Of his original labours the measurement of the 
French Arc of the meridian, of which he hasgivenafuU 
account in his 27oss du Mitrique is 

the most important. As some account of this un- 
dertaking has been given in Sir John Leslie’s Dis- 
sertation, I shall state concisely a few particulars not 
them mentioned. Not the least singular feature of 
this gigantic work was the political crisis under 
which it was conduct4?d. So early os August 1780, 
the French Constituent Assembly, on the motion of 
Talleyrand, desired the king to write to the English 
government, to represent the advantage of the two 
nations uniting to adopt a common unit or standard 
of weight and measure, which it was proposed should 
be done by a joint cominittee of the Boyal Society 
and the French Academy.^ This application was 
probably never made, at least nothing came of it ; 
but the Academy named their own committee, who, 
after discussing three sorts of natural standards, — 
the length of the pendulum in lat. 45® (first proposed 
by Huygens in his Horoiotjiwn Oscillatorium), the 
length of a quadrant of the equator, and that 
of a quadrant of the meridian from the equator to the 
pole assumed to be elliptic, — adopted the latter, 
and this labour was committed to M4chain fur the 
southern part, from Kodex to Barcelona (170, OOU 
toiscs), and to Dclambro for the northern, from 
Kodez to Dunkirk (380,000 toiscs). The southern 
arc was afterwards extended to Fonncntcra in the 
Balearic Isles, and the whole length of the arc was 
found astronomically to l>e 12® 22' 12* 6. Two basca 
were measured (both by Dulambre), one at Perpignan 
of 6006 toiscs, the other at Mclun of 6076 toises 
(each about 7'3 miles). When the length of the for- 
mer was computed by triangulation from the latter, 
the difference of the observed and inferred amount it 
said to have been only ten or eleven inches. 

But difficulties greater than physical obstaclce pre- 
sented themselves to the completion of this vast work. 
The excited state of the public mind during tbe most 
frenzied period of the French Revolution rendered 
the simplest operations matters of suspicion. The 
nearer to Paris that the survey was carried on, the 
greater were the precautions necessary. Instruments 
wereseizcii, assistants arrested, and night signals had 
to bo totally dispensed with. ** The coolness and in- 
trepidity of Dulambre, added to unexampled patience, 


* Both ooecftotM sn told by Moll, who had thorn from Delambro. 

* Tba two goT*rDn«DU aod tbair reapectivo learned •ociedw had already coK»perat«d io 1784 for a aurvey to eonaect 
Farit sod Orteowicb Obaerratoriet. 


(16S.) 
HUtory of 
the French 
Arc. 


(166.) 
Its difEcoI* 
tie*. 
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were the principal means of extricating him from his 
HifRcuIties : but his danger was often imminent, and 
he appears to hare sometimes heard the dreadful words 
which, as an eloquent author has expressed it, were 
the last sounds that vibrated in the ear of man)r an 
unhapp^r victim.'* The operations were actually sus> 
pcndml for a time by a decree of Robespierre and his 
colleagues, who deposed Delambrc, along with Laplace, 
Lavoisier, Borda, and others, from the Commission 
of Weights and Measurea, as being deficient in “ re- 
publican virtues and their hatrcl of kings." They 
were, however, resumed, and Dclorabro had finished 
his shore of the work long before his colleague M4- 
chain, whose shorter task was conducted amidst a 
people rude and uneducated, indeed, yet far more to 
be trusted than were then those of the north. M6- 
chain was apparently wayward and impracticable, 
somewhat too aged for so great a work, yet a really 
good astronomer. The want of agreement to witliin 
3* of two sets of observations for latitude alBorcclona, 
the southern end of the arc at that time, led him to 
the suppression of one of them, and he was tormented 
over after by the consciousness of the evasion, which 
deprived him of the tranquillity necessary to resume 
and complete his work, which wa.n done chiefly by 
Delambre after vexatious delays.^ The error, which 
may be said to have cost M^chain his life, was pro- 
bably owing to the instrument employed on this sur- 
vey, the repeating circle of Borda, only fourteen 
inches diameter, with a rather weak telescope. The 
opinion generally entertained in Britain is, that the 
repeating circle was quite inadequate to the prodi- 
gious accuracy required of it, especially in the deter- 
mination of latitudes. The errors of mere division 
are often trivial compared to those inherent in other 
parts of an instrument. Of these a deficiency of op- 
tical power, and the wank of absolute security of the 
clamps, upon which the entire success of the princi- 
ple of repetition depends, are amongst the most ob- 
vious. The arc was linally prolonged from Barcelona 
to Formentera by Biot and Arago in 1606. The 
conclusion of the sorvey was not destitute of the ad- 
venturous character of its commcDcemcnt The 
French astronomers ran many risks, underwent much 
Buffering, and Arago narrowly escaped finishing his 
days in the dungeons of Spain. 

The English survey carried on by Roy and Mudge 
has been also noticed in the previous Dissertation, 
The arc from Dunnose to Burleigh Moor amounts 
to 3^67' 13"1, the measured length to 1442953 
feet. An arc of parallel was also measured from 
Dover to Falmouth. We shall say something of its 
later progress in the concluding part of this essay, 
bat we have still to regret the postponed publication 
of the British Arc of the Mei^ian, which we have 
no reason to doubt will bear a favourable compari- 
son with the work of Delambre. The practical 


appliances, the three-feet theodolite of Ramsden for 
horizontal angles, and the eight-feet zenith sector 
of the same artist for latitudes, were unequalled in- 
struments, and contrasted in almost every respect 
with the light and portable apparatus of the French. 

By means of the former the spAsricol orcMi of terres- 
trial triangles was first observed as a fact. The 
results of the French and British arcs taken sepa- 
rately concurred in showing a local curvature in this 
part of the world altogether anomalous, the de- 
grees rather shortening in the northern part of each 
arc. This fact, which must be imputed cither to 
large local attractions, giving errors of several seconds 
in the determination of latitudes, or (less probably) 
to a local departure in our quarter of the world from 
the general or mean figure of the earth, suiUcicntly 
shows the futility of the proposed method of deter- 
mining a natural, recoverable standard of length. 

^^^ 1 en combined with the measures of Bouguer in 
South America and Lambton in India, and the revised 
arc (measured in the beginning of this century) of 
Svanberg and Melanderhjelm in Lapland, the French 
and English measures give a general cllipticity some- 
what under which is probably as near the truth 
05 local inequalities admit of the determination being 
made. 

To Delambre was confided the drawing up of the (168.) 
trigonometric formulm used in the calculations of the 
survey, which were published in a separate work; for. 

De Prony conducting the laborious calculation of an mut» asU 
altogether new set of logarithmic tables, with the 
aid of an immense staff of computers, the results of 
whose labour (still in MS.) are preserved at Paris in 
17 folio volumes. Delambre carried his personal 
exertions so far as to compute his own triangles — 
which were also independently calculated hy Le- 
gendre, Van Swinden, and Tralles. 

As an acknowledgment of his merit, the highest <169.) 
indeed in their power to bestow, the Institute of ***■'*• 
France decreed to him in 1810 one of the Decennial 
Prizes instituted by Napoleon. But the Emperor, 
though professing to be the warm cncouragcr of 
science, suflered some meaner motive to interfere, 
and refused to ratify the decision. " Co fiit," writes 
Dupin, **un pas dans la route qui Ic menait il sa 
chilte." After the siege of Paris in 1814 Delambre 
wrote a characteristic letter to bis friend Mull. The 
tranquil spirit which had braved the horrors of the Re- 
volution w'As not to be moved by the sounds of the 
artillery of the allied armies. In spite of the can- 
nonade which he heard from his library, be laboured 
from eight in the morning until midnight; and, con- 
scious of rectitude, he feared little the revolution of 
circumstances, which changing dynasties might call 
forth. ** Labour," he says, “occupies all my time 
and all my faculties." 

As Secretary to the Academy of Sciences for the (170.) 


^ Tb* bUtory it niouttlj by DsUabre hinaielf In hit Blogrspby of Micbtln. — Aurm. dm XYIlt. SUcU. 


Digitized by Google 


40 


ASTRONOMY. — SIR WILLIAM HERSCHEL. 


' [Dus. VL 


nu impar- 
(ialitj— 
hi» death. 


fl 7 S.) 
8!rWm. 
llencbei ; 


( 173 .) 

hU ezten* 
bIt« workii 


( 174 .) 
•arljf bU- 
tory. 


Mathematical Sciences, he had to make frequent re- 
ports on the progress of those progressive branches 
of knowledge, and to contribute memoirs of the most 
eminent academicians, both native and foreign. Doth 
these dutioa he executed with his customary labour 
and fidelity. His private character was as amiable 
as his public career was distinguished* Tlie tendency 
of his writings was constantly to enforce the histori- 


cal credibility of the Scriptures, especially with regard 
to the most ancient a-stronomical records. The value 
of his testimony is increased by his unusual skill in 
philology. He died 19th August 1822, aged 73* 
We reserve some farther remarks on the geodetic 
results of this period, and esjiecially on the pendulum 
observations with which they were aoconipaoied, for 
the fourth section of this chapter. 


{ 2. Sir William Hbrschel. — History of SiderMl and Telescopic Astronomy to 1820. Her~ 
sehel as an Optician. — Planet Uranus^Solar Spots — Orbits of Double Stars^NehuUz — Tke 
Milky }Vay — Sun*s Motion in Space. 


The eighteenth century was not, generally speak- 
ing, distinguished by original observations. The ex- 
ceptions stand out with all the brighter lustre. 
Amongst these, the discoveries of Sir William Her- 
schel occupy perhaps the foremost place. Arago has 
affirmed that Slough is the spot on the earth’s sur- 
face signalixed by the most numerous discoveries, 
and in a certain sense this is strictly true. No one, 
before or since (with possibly the exception of Mr 
Hind) has mlded so many new bodies to the known 
planetary system, and this at a time when such 
discoveries were rarer, more unexpected, and more 
difficult than now. His researches on the fixed 
stars are not of a nature to have their importance 
numerically estimated. 

Sir William Herschel’s career was one of the 
, longest and of the most sustained labour in the history 
’of science. To have contributed papers—oflen several 
in one year — to the Philosophical Transactions for 
thirty-nine consecutive years, from 1780 to 1818, 
with but two exceptions, is a feat of astonishing per- 
severance ; but if wo recollect that many of these 
papers contain announcements of capital discoveries, 
that every one of them is stored with original matter, 
and that the author had already passed his fortieth 
year when he commenced the production of this as- 
tronomical library, we cannot withhold a tribute of 
the warmest admiration. 

England cannot claim Hcrschel as her own, except 
by adoption. He was bom at Hanover in 1738, and 
was one of a numerous family who supported them- 
selves chiefly by their musical talents. William 
Herschcl, the third son, came to England in 1759 
with his elder brother, and after struggling with many 
difficulties, found himself in comparatively comfort- 
able circumstances as an organist at Bath. In 1774 
ho had executed a reflecting telescope with his own 
hands, and soon acquired so much dexterity as to 
construct instruments of ten and twenty feet in focal 


length. In 1780 he contributed his first paper on 
the variable star in Cctus to the Royal Society, and 
the following year (l3th March 1781) discovered the 
erratic body, which be at first took for a comet, but 
which proved to bo a planet exterior to Saturn ; the 
first addition therefore to the number of the primary 
planets since a peri<>d of an immemorial antiquity. 
So fortunate a success made the name of Herschel 
speedily famous, and he was effectively befriended by 
George III., who brought him to live near Windsor, 
and gave him a pension.^ 

From this brief sketch it will appear how great 
were the obstacles which Herschcl had co vanquish 
before he became a man of science, and that, besides 
the claims to distinction already enumerated, his 
knowledge and his skill were acquired m spite of 
every disadvantage. 

Practical Astronomy naturally divides itself into 
two great branches, that which depends upon the 
use of the telescope merely ; on the telescope and 
micrometer ; and that which determines the absolute 
places of the heavenly bodies, and requires the aids 
of divided instruments and a well furnished obser- 
vatory. In the century to which he belonged Her- 
schel is the type of the telescopic observer, Bradley 
of the instrumental. The discoveries of Aberra- 
tion and of Nutation by the latter may stand a com- 
parison with any in the history of science, but the 
resolution of Nebulw and the proof of the mutual 
connection of stars in binary systems are not less 
distinguished and original. Hortcbcl wonld have 
gained a great reputation as an optician, merely by 
the wonderful improvement which he effected in the 
dimensions and magnifying power of telescopes, and 
by the skill with which ho applied them to celestial 
observations. He would have stood still higher as 
an astronomer had he been merely the first observer 
of a new planet and of eight secondary ones, as well 
os of several comets, and the author of many nice 


* It mmj bo <loubted wbetber uy other eisiUar anouUy wu gtveii ot that period on ecleatiac grounds alone, and U i> diOcolC 
to esUmete tho amcniDt of benefit tbta conferred on aktronennj, for nothing tborC of the entire devotion of a lifetime could bavo 
produced inch resulte aa we owe to IlerKbel. Hie pro|) 0 «eJ to name bis planet after the Bovcrelgn vrai a rerj nataml cxpremlon 
of hia gratitude at a period when no role whatever existed on the aubject. Sec an intereating letter from Herachel Co Hlr 
Joaepb Danks (who was alto a warm friend) La Weld’s History of ike Royal Soeiny, U. 146 , aete. Harachal was elected into the 
Royal Society 6 th Dec. 1781 . 
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olMervatioDB on the physical appearance and con- 
stitution of the sun and planets ; but his jrreat glory 
was in sidereal astronomy, of which ho laid almost 
the foundations, by means of discorerica which ho 
fortunately lived long enough to see conBrmed and 
enlarged beyond his reasonable hopes. 

In this brief sketch of Herschtd^s achievements 
(which in bis own department may be said toombroce 
those of his age, for he had hanllyan imitator, and cer- 
tainly no rival) we shall, in the first place, condense 
into small compass what is to be said on llio two 
former heads — his merit as an optician and os a 
planetary observer. 

To construct good telescopes is itself no easy art, 
especially if they are to be carried to a size and per- 
fection previously unattained. To ascertain tlio best 
composition, whether of glass or metal, to melt and 
to cast it in the right way, is one branch of the art 
which may lie called generally the cActmW part. To 
fashion the lens or mirror correctly by grinding, and 
to fit it for optical use by giving it an exquisite polish, 
is a second step requiring a peculiar mcMonicoI skill 
and perseverance. To mount the telescope effec- 
tively is another and entirely different problem in 
mechanics ; and all these the amateur astronomer 
must be prepared to accomplish with hU oum hnrudt, 
unless he command the services of practical opticians 
to an extent rarely to bo bought. Amateurs have 
indeed seldom succoeded except with reficcting in- 
struments, and Ilerschel acted very wisely in devot- 
ing himself to their improvement at a time when thu 
success of Dollond with achromatic telescopes had 
rendered the Newtonian form unfashionable. The 
real secret of Hcrschcl's success was his astonishing 
perseverance; his determination was to obtain tele- 
scopes of twenty feet focal length or more, and of a 
perfection equal or superior to that of the small ones 
then in use. He himself relates, that whilst at Bath 
he had constructed 200 s{>ecula of seven feet focus, 
150 of ten feet, and about 80 of twenty feet ; a proof 
of extraordinary resolution in a man oflimited means 
and engaged in a laborious profession. By making 
so great a number ho could select those having 
the most perfect figure, especially before he had con- 
trived a method of obtaining mechanically a para- 
bolic form, almost with certainty. Tliis method was 
not divulged. Ho was justified in keeping his secret, 
whilst he made a handsome income from the manu- 
facture of telescopes for sole. Lord Bosso and Mr 
Lassell have had the merit of publishing their 
methods, which by their results would ap|>ear to be 
at least equal to Ilerschel's. 

The usefulness of telescopes depends on two dis- 
tinct qualities — magnifying power and illuminating 
power. The former may be gained indefinitely by 


diminishing the focal distance of the eye-glass ; the 
latter can be had only by increasing the diameter of 
the object-glass or speculum, so os to collect the rays 
which fall upon a circle of large diameter friim every 
point of the object examine<l. But in order that 
the whole light may be effective, the magnifying 
{K)wcr of the cyo-gloss must bo sufficient to condense 
the emergent pencil within the diameter of the pupil 
of the eye. The proportion in which these two 
qualifications are requisite to obtain the best results 
in astronomy is a matter involving nice questions 
both of theory and practice. Sir William Ilerschel 
did more than any one who preceded or fol- 
lowed him to solve them. On the whole, the illu- 
minating power is perhaps the most important, whilst 
it is the most difficult of attainment ; but in truth 
each class of telescopic objects have their own rule 
in this respect. Brilliant objects, such as Venus, and 
moderately bright stars, do not require large aper- 
tures ; very feeble objects, os tho remoter satellites 
and the nebula, require indispensably great illumina- 
tion. Five satellites of Saturn were seen by Sir W. 
Herschel in his great telescope by th« naked rye alone^ 
that is, without the advantage of tho magnifying 
power of a lens. On the other hand, Sir John Her- 
schcl tells us (hat the satellites of Uranus cannot be 
clearly made out without a magnifying power of at 
least 300, whatever may be the aperture of the tele- 
eeope} 

The mention of mognifring powers is calculated to 
mislead rather than otherwise in comparing the effi- 
cient means of different astronomers. The ma^ify- 
ing power used by Galileo did not exceed thirty-two 
times the diameter. Huygens, who used aerial tele- 
scopes of immense length, pushed it to 163 times. 
Auzout is said to have gi%'on a power of 600 to one 
of these gigantic instruments of 300 feet in length ; 
but it is easily understood that such achievements 
were little more than nominal, the mechanical diffi- 
culty of managing these instruments being excessive. 
Short professed to carry tho magnifying powers of 
his Gregorian reflectors to 1200, but still they yieldcil 
only trifling fruits to astrouomy. It required that 
such instruments should be made and used fami- 
liarly, not as objects of luxury of which but one or two 
were ever brought into actual use. Hcrscbcl applied 
even to his seven-feet Newtonian (his favourite and 
smallest working siae, having 6'3 inches aperture) 
powers exceeding 2000. To his largest instrument 
(lliirty-nmo feet focus) was occasionally applied a 
power of 6500. The highest powers usefully em- 
ployed with the gigantic achromatics of Pulkowaand 
of Cambridge (in America), do not exceed 1622 and 
2004 times respectively. 

Tho motion of tho earth and tho troubled state of 


^ iHr«v« fouod ibftt wUb s amtU t«le*cope, msg&lfylng ibm tinea, and baviag tb« tame apertore with the pupil of the eje 
(O'S ineb), b« could count orarly twice as oany stars (accurately l'S3 timra) as with the naked eye. This result, intertstlog on 
Mvenl aocounU, deserves farther en^alry.— d'/Utr^n. Sutla(r4, p. 35. 
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the atinospherc, especially io these climates, impose 
a speedy limit to the increase of ma^ifvin^ power, 
unless in exceptional circumstances. The same ob- 
jections do not apply to the increased aperture 
and illuminating power of telescopes. This con- 
sideration induced Ilerschel to construct his forty- 
feet reflector, the funds being advanced by the king, 
on the recommendation of the Royal Society. The 
speculum had a useful surface precisely four foot in 
diameter, the thickness three and a half inche.s the 
weight when cast above 2000 pounds. The second or 
plane mirror having been disj>cDaed with, the image 
was thrown to one side of the objcct-cnd of the tube 
by means of a very slight inclination of the speculum, 
and was there observed dirtetly by a common eye-piece 
or siuglc lens, the observer being thus stationed with 
bis hack to the object ho is viewing. This vast in- 
strument collected a cone of rays from a distant point 
between six and seven times larger than the twenty- 
feet instrument commonly employed by Sir W. Her- 
schcl, of which the aperture was 18 8 inches. This 
telescope was not frequently used, partly from the 
rarity of sufllciently steady weather, and from the 
difficulty of preserving the figure of the mirror under 
changes of temperature.* Its figure was also aflcctod 
by flexure under its own enormous weight, and it 
has been found one of the greatest difficulties by those 
who have followed Herscbcl's steps to avoid this 
source of error. The forty-feet speculum has been 
religiously preserved by the filial care of Sir John Her- 
schel, in whose possession the writer of these pages 
had the pleasure of seeing it, now many yean since, 
in a state of high polish. It remains in a deposit 
hermetically closed, at Slongh.* 

Herschel made an ingenious determination of what 
he called (he sp*jc^‘p^nf tratin^-p<ncer of telescopes, by 
which he discrimiuated the relative distances at which 
a given fixed star would become invisible in his 
several instruments. It was grounded on the as- 
sumption that the visibility of the object depends, 
first, on the density of iU light reaching the eye, and 
secondly, on the number of rays of that density 
concentrated in the image. The former quantity 
varies inversely as the square of the given distance, 
the latter directly as the square of the aperture of 
the telescope ; the limiting visible distance therefore 
of the radiant body will be timply at the aperture. 
To this he applied corrections depending on the loss 
of light by r^cction at the specula, and by trans- 
mission through one or more eye-glasses. On this 
scale the space-penetrating-power of the sevcn-fcct 
Newtonian being twenty, that of the twenty-feet tele- 
scope (front view) was seventy-five, and the forty-feet 
telescope 182. These estimations, as we shall see, 
form an important step in Hcrschers generalizations. 
Of new bodies belonging to our system he dis- 


covered Uranus and his six satellites, the two satel- 
lites of Saturn next to the ring, and several comets, 
lie did not, so far as we know, even suspect the 
planetary character of Uranus, which he believed to 
be a comet. The honour of this appears to bo due 
partly to Saron of I'aris, partly to Lcxcll of St 
Pctersbnrg. Arago supposes that Laplace had 
also a share, but the evidence on the whole matter 
is somewhat obscure. Unquestionably it was an ex- 
ceedingly difficult matter to fix upon a correct orbit 
for a body moving with such extreme slowness within 
the limits of the first few weeks after its discovery, 
and its distance was far beyond what any one calcu- 
lating a comet's path would readily assume. The 
original discovery was also n fortunau one, for but 
eleven days previously the planet was in a position 
apparently stationary. It has led to results of still 
higher interest by the prediction of the existence and 
place of Neptune from the irregularities of Uranus. 
The satellites move almost perpendicularly to the 
ecliptic. Strange to say, they remained for, I be- 
lieve, more than lialf a century, unseen by any eye but 
that of their discoverer and his son : and two of them 
still stand recorded on the single authority of Sir W. 
Herschel. They are the least specks of light which 
optical power has ever m.vle visible. 

Ilerschel mmle many observations on the physical 
appearance of the sun, moon, and nearer planets, and 
the times of their rotation. Into these details we 
cannot now minutely enter. The papers which record 
them are characterized (like all those of the same 
author) by the faithful minuteness with which the ob- 
scn'ations are detailed, and by the mention of every in- 
fluential circumstance by which the results might be 
affected. In the case of observations so exceedingly 
delicate as those of the planets, the astronomer has to 
keep up an incessant struggle between the anxiety to 
record all that he sees, and that of recording nothing 
more than he really and perfectly sees. One or two 
glimpses arc not sufficient. Herschel at one time 
imagined that the now planet had one or more rings 
which unquestionably do not exist. His elaborate in- 
vestigation of the figure, belts, and rings of Saturn, the 
incredible tenuity of the latter, and the fact of their ro- 
tation in 10** 32°*, were amongst the most interesting 
of his ohservations, and were illustrated by drawings 
made with remarkable care. The edge of the ring was 
seen in 1789, when it had totally disappeared in all 
but his forty-feet telescope, and he estimated that its 
thickness could not exce^ 100 miles. How astonish- 
ing the magnitude and thinness of this stupendous 
circular plane, or rather series of flat rings ! Some 
idea of it may he deduced from the fact that if the 
thicknees of the paper on which this is printed be 
taken to represent that of the rings, their greatest 
diameter would correspond to nine inches. Obserra- 


* Tb« jlrf< objMt viewed bj Sir W. ITrrvcbrI with hi* grckt telvceopt to 1T80 w»s tbe oebol* la Orloa ; poMlbly it «ru also 
th« Uut, for be sgftlo obwrvMl it la 1811 (Se« PkU. TV. 1811, p. 328> 

* See Weld'e UiMcry 0 / tS« Rvful li., 193. 
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tions on the other planets and on the moon we here 
posft over for want of space. 

1 have reserved the observations on the nature of 
the sun to this place, because everjthing leads us to 
assimilate the nature of the sun and of the fixed stars. 
The belief that the luminous disk of the sun is a photo- 
9ph«r6 or luminous atmosphere of great tenuitj sur- 
rounding a globe of comparative density and dark- 
ness, was long anterior to Hcrschel, and in fact due 
to Ct Patrick Wilson of Glasgow, whose admirable 
paper on this subject was published in the Philoso- 
phical Transactions for 1774, in which he explains 
the phenomena of the solar spots by apertures in the 
luminous atmosphere, discovering the dark nucleus 
below, and some shell or shells of intermediate 
brightness which form the penumbra. > These con- 
clusions were most clearly and ably deduced from a 
careful observation of the cbangingaspect of the spots, 
as they move by the solar rotation from the centre 
to the edge of his disk. It is to be regretted that 
Uerschel does not more pointedly refer to the dis- 
coveries of Wilson, which were more than twenty 
years antecedent to bis first paper on the subject, 
and with which he could hardly fail to have been ac- 
quainted. A similar remark applies, in a less degree, 
to his papers generally, which rarelyoontain references 
to the observations and spocnlations of hts predeces- 
sors. Herschel adopted Wilson’s hypothesis almost 
literally, and his long series of patient observations on 
the sun, made wi(h high powers and at an eminent risk 
to his eyesight, enabled him to classify the singularly 
varied appearances of that wonderful orb, and to 
draw some probable conclusions from the excessive 
rapidity and seeming tumult of the exterior portions 
of it. That the phoiotphere is strictly gaseous ho 
rendered very probable, an inference confirmed by 
the direct observations of Arago as to the un- 
polarizcd character of its light. The singular dis- 
closure of f&int red prominences extending far beyond 
the disk, and observed in the total eclipses of 1842 
and 1851, shows that there is still much which re- 
gards the mysterious nature of the sun within reach 
of direct observation ; and the same may be observed 
of the direct experiments lately made on the heat 
and light of different parts of the disk, which diminish 
to ono-half between the centre and the edge, and 
appear to attain a ma.ximum at the solar equator. 

A convenient, though not a strictly chronological 
arrangement of Sir W. Hcrschel’s more xmporiixni 
sidereal discoveries and speculations may be made 
under the following heads : — 

I. Of double Stars and their mutual connection. 

II. Of the Nature of Nebulae, and the so-called 
Nebular Hypothesis. 


III. Of the Grouping of the Stars generally in 
space, and the significance of the Milky Way. 

IV. Of the Motion of our System in space. 

I. On DoubU Start. X^itcowiy of Binary Syt- 
tont . — Double stars were noticed as objects of curio- 
sity even before the discovery of the telescope. The 
group of the Pleiades attracted attention from the 
earliest tiroes. Amongst the earliest double stars 
carefully observed were ^ Ursre Majoris (by Kirch, 
1700); a Centauri in 1709 ; y Virginis and Castor 
by Bradley (1718 and 1719); Mayer maile a con- 
siderable catalogue of double stars in 1756. But 
Lambert first aonounoed in 1761 (in his Bcttra Cot- 
mologiqxut) the probability of the mutual revolution 
of suns, in these remarkable words (speaking of clus- 
ters of stars), It will perhaps be decided whether 
there are not fixed stars which make their revolutions 
in no long periods ronnd their common centres of 
gravity.” Mitchell, in 1767 and 1784, maintained 
the some views, but supported them by an applica- 
tion of the then young science of probability, hazard- 
ous in its principle, and unquestionably wrong in its 
numerical solution.’ 

Sir W. Ilerschol commencc<l his observations on 
double start with the hope of ascertaining the Annual 
Parallax in the manner previously indicated by 
Galileo and James Gregory ; but, as in many parallel 
instances, whilst he failed of his main result, he dis- 
covered unsought a phenomenon more unexpected 
and probably more interesting. With the micro, 
metrical means at his disposal, he entirely foiled in 
detecting any temi-annu^ fluctuation of the inter- 
val between the members of the pair of stars, but 
he found (in some instances) progressive and con- 
tinually increasing changes Imth in the relative 
position and distance of the two. He com- 
menced his observations in 1779* hut it was not 
until 1802 that he thought himself entitled to an- 
nounce with confidence his discovery of the circula- 
tion of one sun round another, or rather of both 
round their common centre of gravity. Herschel’s 
first list of orbital stars (PAit Traiu. 1803, where 
this splendid discovery was first published’) includes 
the chief examples now known ; and they have all 
been confirmed. That of which the revolution is 
most rapid is ^ HcrcuUs, which has a period of 31| 
years, and consequently has revolved twice round 
since it was first observed, whilst the slow planet 
Uranus has not yet returned to the position of its 
first discovery. Herschel docs not appear to have 
received a mi^ol or other public recognition of this 
signal success. 

Of the subsequent progress of this interesting in- 
quiry we shall speak in the latter part of this chapter. 


1 FUaisteed spprui to hara cqtertained In ICS I s aonewhat similar opinion, as we Cnd from a letter published (ISU) Id 
lilir David Brewaterv Lift «/ iVi^ton. vot. ii., p. 103. 

* art, <B3) and nols. 

> it was In fact distinctly though iDcldentally aDooanced in his paper of 1603, though the proofs were given the followiag 
year. Bee PMl. 3Vaa«. 1803. 
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GreaUr preeiiion has been in some respects attained, but 
little, if anTthing, added to the theory of double stars. 

II. On \cbuict and iht (fo^calltd) S^eOvlar //y- 
pothesis. — The cloudy patches of mild light which 
are visible in clear but muonlesB nights in various 
parts of the sky arc called nebuls from their n* sem- 
blance to light vaponni moderately illumiiintiHl. 
Some regions of the sky abound more with them than 
others. The Milky Way presents to the naked eye 
a nebulous appearance extending over large tracta, 
and nebulte more or less dense are frequent within and 
near its borders. These facts were well known from 
an early period. Some conspicuous nebuhv were 
described in the slxtcentli century ; that in Andro- 
meda by Marius and the conspicuous nebula in 
Orion by Huygens. Halley odde<l several, but the 
first descriptive catalogue of these objects was pub- 
lished by Messier in 1733 (in the Conji<tursanc« du 
Terns), and it forms the basis of the moilcm oltser- 
vations. 

Sir W. Heracbel took up the subject with his cus- 
tomary zeal. In 1786 he published a catalogue of 
1000 nebulie, which ho had increased by 1802 to 
2500. The first step to some appreciation of the 
nature of these extraordinary appearances was of 
course to classify them, and this llcrschcl did with 
such success that it may bo aflirmed that his classes 
remain the best at the present time, as ^tturaily re- 
presenting the phenomena. Without entering into 
all his details, the following division embraces the 
main facts : — 

A. Clusters of stars. 

B. Nebuhe proper. 

a. Having a certain regularity, as 1. Circular or 
planetary nebulae ; 2. elliptic ; 3. annular. 

Wholly irregular, os the nebula of Onon, 
the Magellanic clouds, &c. 

C. Nebulous stars. 

Ii«tnark4. A number of faint stars produces a 
nebulous haac. This U a physiological fact. Parts 
of the Milky Way which present this appearance to 
the naked eye are at once shown by a telescope of 
small power to be composed ofstars.*^ Patches which 
appear nebulous in such a telescope arc shown by a 
better one to bo com)x>!>cd of small stars. This is 
called the Jitatdution of a nebula. Such resolutions 
become more and more numerous as the apertures of 
telescopes are enlarged. Lord Bosso*s tclescofic has 
resolvtd several which withstood the highest power 
of Herschel's. One inference might therefore that 
all nebulsa are clustere<l stars, at a greaur or less 
distance. Such an opinion is very general, and very 
plausible. It may on the other hand be obsen'ed 
that Herschcl abandoned this his earlier inference, 


[Biss. VI. 

whilst, at the same time, ho procecfled diligently with 
the resolution of succo.ssivc ncbulx, by means of his 
powerful telescopes. He maintained on the contrary to 
the lost that nebulie belong to two classes, resolvable 
and irresolvable. The latter he believed to be composed 
of dilfu&e self-luminous matter, mom or less cuii« 
dcnseil, whilst the milky light of the former is occa- 
sioned by the blended gleam of numerous close stars. 
With this difference, we find his views regarding the 
changes in the sidereal system and (he progress of 
the condtHMafion and breaking vp of ncbula^, nearly 
the same in his earlier and later papers, particularly 
those of 1765 and 1811. 

The opinions of Herschcl on these changes were 
the following :^Having observed that thu more 
regular nebulie (whether with a central star or 
not) prcientcil almost invariably an appearance of 
gradually increasing brilliancy towards its centre, 
be was led to conclude that this is due to the aggre- 
gation of the self-luminous parts in virtue of their 
mutual gravitation; ami tlie conclusion would ao 
far be the same, whether the parts thus coalescing 
were in fact numerous distinct mosses, or were like 
a vapour diffused through space. This was the pro- 
cess of c<mdi^otion, which ho inferred on the one 
baud from tlie law of gravity, on the other from the 
generally symmetrical arrangement of the luminous 
matter in nebul» of the first class. In order to de- 
tect, by actual ol»scrvation, the progress of condensa- 
tion, be invented a simplo and highly expressive 
terminology, indicating the fftneral brightness, the 
amount of its gradation, and (he law of its gradation 
from tlie circumference towards the centre. In 
whatever degree Lord Rosse's late observations may 
be cooaiden^ to dc{M’ive nebula of the character of 
symmetry which Hcrschel had conferred on them, 
the general fact of an apparent condensation in a 
great majority of instances cannot bo denied. 

The breaking up of nebula* (also described in his 
paper of 1785, as well as iu his later ones) is likewise 
an inferred change anticipated in large irregular 
nebulae, which usually exhibit bright spots or centres, 
with irregular vacant spaces, which sometimes seem 
like portions of a black and distant profundity seen 
through the rents of a nebulous veil. Herschcl sup- 
poses that the luminous centres arc also pluo's of 
greatest attraction, and must gradually draw away 
the star-like substance from the rarer spaces. 

It is curious that these speculations of Herschcl 
(which are substantially common to his papers of 
1785 and 1811) ha<l been at least imagined at a very 
early period. Arago has pointed out (hat Tycho 
and Kepler conceived the New Stars of 1572 and 
1604 to have resulteil from a smUim condensation 


* Tlve group of the n«>iBdM prewnu « pfcuHsr ioetaace. ^Vb«u the- ev« ti tornc4 fuJl u]>on it, no more tbu lU tium (m St 
well known) can be counted, bat when the eye it turned atiJe through 10*' or 15*, by s pocnliarity of indirect Tition by ninuit of 
the latcrul parU of the retiiu, tbe group appeurt a raai» of orbuloui light. Tbit aritet from an immenw* crowd of ttan jutt 
b«U)w vitibility, which, probably from tha grettcr trntitiTenw of tbit part of llie eye, make a tentible though tomewbat iadit- 
tinct imprenion. Tbit nbterratioa m to the rielad«^ and Uie Inference which exiiUiiu by it the teeming cuuntietaoeas of the 
•tart when viewed enrtorily, were publitbed by me preM-nt writer in Brewtter't Juanud for 
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kibita, anrl Tjcho alle^l that the new star was sur- 
rounded by an obscure space, half as large as the 
moon's disk. The history of Science scarcely pre- 
sents a more curious anticipation. 

(196.) One practical difference between the earlier and 
llt!rKli#t’i later riews of Kerschcl on the nature of ncbutie, was 
‘^*®****®* *y^^*^***‘ Eor if the milky 

unc«of a^p<?«t bc! due to a confusion of small stars, it is 
swbuljn; assumed that they must be almost incredibly distant. 

In his memoir of 1785, he estimates this distance nt 
not less than 6000 or 8000 times that of Sirius. 
If, on the other hand, the nebulous appearance he 
duo to a diffusion of starry matter, the distance may 
\tc that of any order of ff.ycd stars ; and this opinion 
derives weight from the evident oonnection of some 
nebuln with stars round which they seem to cluster 
or hang almost like a drapery. Thus in 1811 he 
supposed that the nebula in Orion need not be more 
distant than a star of the 7th or 8th magnitude. 

(197.) It appears from bis paper of 1802 (page 500), 
and their that his idoAs about nehu1a> were then wavering. Be- 
f^^***'^ tween that time and 1811 lie elaborated the nebular 
hypothesiti, so far as it is due to him. He seems to 
suppose that starry matter was once in a state of in- 
deffnite diffii.sion. That during an eternity of past 
duration** (Ph.Tr., 1611, p. 287) it has been “break- 
ing up*’ by condensation toward centres more or less 
remote. That the Milky Way— or at least the nebu- 
lous parts which it contained— and the dispersed ne- 
bul*, are the relics of this former state of things. 
That W'horc condensation has gone on more energeti- 
cally, we have nchulm with a gradually or rapidly 
increasing brightness toward.-? the centre; — if still 
more energetic, a nucleus, or it may be a planetary 
nebula next a nebulous star, which Kc su]){m)scs 
our sun to be, and the zodiacal light a relic of its 
nebula (p. 311); — finally, the completely formed 
stars may be assumed to be merely consolidated no- 
buliD. (See pp. 284, 285, 299, 310.) This conden- 
sation, ho believes, must be accompanied by rotation 
due to the originally irregular distribution of the 
gravitating particles (p. 312-319). 

(198.) The proo/e on which the whole of this cosmogony 
rests arc, Irf, the ^ro<iation of appearances above 
tioQ. described, to be collected from distinct objects in the 
heavens ; and, 2d/y, supposed changes observed by 
him in the nebula of Onon and others, during thirty 
years, and even during intervals of a few years. As to 
the last argument, it is admittc<l, we believe, by the 
best authorities, to be without weight The changes 
of aspect of such curiously faint and graduated ob- 


which we caniinc afford space. Its idea is essentially 
derived from the Natural History seiunccs, and I can- 
not help thinking that Hcrschcl must have derived it 
from some one more conversant with these than with 
mechanical physics. This opinion is confirmed by a 
curious illustration which ho uses in the same paper 
of 1811. “There is perhaps not so much difference 
between them” (viz., the whole group of nebular and 
quo.si-nehular phenomena), “ if I may use the com- 
parison, as there would l>e in an annual description 
of the human figure, were it given from the birth of 
achild until he iMH^ame a man in his prime” (p. 271). 

A theory or hypothesis in some respects similar (199.) 
had been previously expoundiM] by Laplace in theI*splM«'i 
concluding chapter of hi.s ■Sy^frfma du Mon^ie. 
least it BO far rcacmhles it, that be puts forth Tycho’s 
notion of the star of 1572 being a condensation of a with H#r- 
widely-spread stellar atmosphere (without, however, 
naming Tycho), and supposes that our solar atmo- 
sphere might also once have extended to the limit of 
the system, and that the planets were thrown off suc- 
cessively in the form of nebulous rings (subsequently 
condensed into spheres) from the equatoreal parts of 
this vast revolving ma.<m during its contraction. He 
ascribes to Saturn’s ring a like origin. It required all 
the authority of a name like that of Laplace to circu- 
late a theory so bold, if notoxtravagant. Headherod, 
however (at that time), to the old idea of the consti- 
tution of nebulo>, which he considered to be composed 
entirely of stars, and to be at once the most distant 
and the most massive aggregations of matter in the 
universe. Hcrschel could hardly fail of being ac- 
quainted in 1811 with Laplace’s views, and they pro- 
liably in some degree influenced his own, particularly 
as to the cause of the rotation of his condensing suns. 

But he prudently reserved his hypothesis for sidereal 
objects, and did not deduce from it a planetary cos- 
mogony. In the later editions of the Syatime du 
Monde, Laplace quotes Hcrschel’s oWrvations in 
confirmation of his views, adopts (he notion of a dif- 
fuse nebulous matter, and considers that on hypothesis 
arrived at by a “ remarkable ooincideoce” in oppo- 
site diroctlons, is thereby invested with a great pro- 
bability. 

Even Herschel’s more limited conclusions have (200.) 
I>een very dubiously received, and notwithstanding Doobu r«- 
Ihe weighty adhesion of Humboldt and Arago to**^^**^ 
them, it may be affirmed that natural philosophers 
generally are content to leave the solution of this 
cosmical problem to that distant posterity which 
alone can hope to witness unequivocal evidence of pro- 
QTuttvt change in those wonderful objects.^ 


jects, even to the same eye using the same telescope, 

are numberless, and may be dne to the slightest at- ' III. Of the Grouping of (As Stare generoUy m (201.) 
mospheric and physiological influences. This test Space, and the Signifeonce of the Milky Way . — 

(as applied hitherto) is therefore generally rejected, earlier astronomers, and particularly Halley, had b«a- 
Against the first proof much might also be urged, for the idea that the nobulas — which abound so remark- v«ns,sndof’ 

t Tb« moNt Intelligible eoooont of the DihttUr bypoCheeis, la iu lesst objectionable forsQ, will bs foandlo Sir John lierscbel’t Wev iaper- 

(bab'AM «/ Attrenomf, Articles 870 to 879. Uoular. 
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abW in the Milky War, and urhich may in somc^ense 
be almost said to compose iU->are the parcHt^m^ttUsr 
of stars» whilst stars nbonnd in their nei|;hlKmr- 
hoodf or seem partly to compose them, in a state 
of incredible ag^’gation. That the mass of sidereal 
matter composing the Milky Way (which forms an 
irregular girdle round the whole heavens^) has some 
special reference in its locality to our solar system, 
was also an early idea, which, towards the middle 
of the 18th century', had attained to something like 
Rant, a definite speculation in the minds of Kant, Lambert, 
L*mben, ^nd other philosophers, chiefly those of Germany. 

Its origin is perhaps traceable to Thomas Wright of 
Durham* (1742), who aflirmod that the Milky Way 
is a projection on the sphere of a irtrafetm of stars, in 
the midst of which our Sun and system are placed— 
somewhat excentrically, however, towanls Sirius. 
(302.) I do not know whether Sir W. Hcrschcl derived 
Hertct]«rf fjpjt ideas on tho subject either from English or 
**“^®*' German authors. His customary silence (which is 
to be regretted) on the history of his discoveries, 
leaves us in doubt of his originality. Be this os it 
may, he proceeded to test the reasonableness of the 
■peculation, in that definite and thorough manner 
which was very characteristic of his genius. He pro- 
cce<led to number the stars after a fashion whicli, if 
the early attempt of Hipparchus was prouounced in 
its day impious, might well have l>cen accounted, 
even in Herschel’s age, impossible. To use his own 
bold expression, he the heavens, by counting 

the whole number of stars visible in tho field of his 
20-foet reflector as many times as )>ossible, and in 
every region of the sky which was visible fi*om 
Slough, distinguishing the results of each region. As 
it was imjHMsible in one lifetime to accomplish the en- 
tire surrey (for the complete sphere contains 883,000 
fields of 15' each in diameb-r}, he took an avtmge for 
each n*gion, and thus determined the general popula- 
tion of the sky in all directions. The result more tliuu 
confirmed tho suspicions of Wright and X>aml>crt, 
and demonstrated a remarkable, and, on the whole, 
a stca^ly law' of decrease, from the central zone of tho 
Milky Way in opposite directions, until we reach two 
poles, one in the Southern, the other in the Northern 
hemisphere, which are the localities poorest in stars. 
(203.) This niscovEBT (for it well deserves the name), 
or •unln assigns a Law to tho distribution of the entiru 

different ^i*ihlc bodies of tho Universe in space, is surely one 
regtoan of of the greatest which man has ever attaino<l. The 

tho tky. 


simplicity of the means by which it was reached, and 
the amount of mere mechanical and arithmetical la>- 
bour which forms its sole basis, and constitutes its 
essence, is a powerful lesson of how little mankind 
has a right to scorn the h uuiblest means of knowletlge, 
or to attach tho prerogative of genius only to the 
lofty flights of imagination and speculative philoso- 
phy.* This triumph belongs to Herschel alone; his 
eueccssoni have commented upon and scrutinized his 
results; his sun has “gauged” tho Southern Hcnii- 
sphcfp, with like result.s; but the original result is 
substantially confirmwi. We may therefore antici- 
pate so far as to quote the numbers denoting (he 
“ plcoitudu” of stars as we recede from the equator 
of the Milky Way in cither direction, /r$t^ as calcu- m ob«#ri«il 
lated by Stnive* and Sir John Herschel, from Sir Wil- by Sir w i|. 
Uam Herschers observations in the A7)rtAem hemi- 
sphere; *eeon>Uy, as calculated for the ScutJitrn he- u*r*cb*L 
mtsphere by Sir J. Herschel, from his own observa- 
tions at the Cape of Good Hope. 

Xiaw’U «/ iS»ne, Avtro'je A’umber »/ Stan vitiiU im 20-/Mt 
nehonii*^ ifc/ccttfr; Aprrtun 18'8 tStid 

£<jwttor «/ IS' diaoKter. 

U’ay. ft. S. 

1^7.) (Uafiu Puwvr MM) 

0“- 16* 63 4 69- 1 

16- 30 24-1 26 3 

30-46 13-6 13-6 

46 - 60 8 2 9 1 

60 - 76 5-4 6 6 

73-00 4-3 8-0 

This table shows the extreme condensation of the stars 
round the “ Galactic” equator; indeed Struve carries 
the av'erage *' plenitude” of the field as high os 122 
stars in that plane itself. 

Accoixling to Herschel’s views, the whole visible fir- (204.) 
mament of stars belongs to the nebula of the Milky 
Way, of which our ow n system forms an infinitesimal 
)vart. In his paper of 1785, on “ the Constitution of 
the Heavens,” he inferred that the general form and 
comparative limits of this cluster of stars might be 
found from his “ gauges,” by supposing that his tele- 
scope brought into view every star between the specta- 
tor and the surface of the cluster. Supposing the stars 
to be uniformly distributed within the cluster, it is 
easy to see that the immlicr counted in a conical space, 
having an angle of 16' at its vertex, would give the 
height of the cone, or tho depth to which the spectator 
is immerse*! in (he cluster, in that particular direction; 
and thus he endeavours to assign the solid fonn of the 
cluster and its dimensions, in terms of the distances 


* lu pl*nc U ineUnMl ftWot 63* to th« I'ckaclAl Eqostor: lu nod«« sr« la 0** 47* «utl 12^ 47* of Bight Asceutton. 

* Id hit Sy^ut* of lAs UnivtT$t, % rar«t work. I’rafeiMor D« Mottlin'* account of Wright, in the Mngasin* 

for 1848, xsxil., p. 34l. Wright belisvcd Uvat the Milkjr Way was a congeries of stars of a {Karticular form, which it owes to 
a rotation of the whole round eone central point. 

* Another remark, perhaps, deserves to be recorded. Had Uipparchos and his followers been deterred by the threatened 
charge of impiety from making a catalogue of star*, how great the loss would have been, not to science alone, but In our esti- 
mate of the order and magnificence of ci'ealion. The telescope only increased our knowledge of the nombrr ^ worlds, without 
really enabling os to approach to their limiM 'the gauges of l{crach*l, which be at first supposed to reach to ths boundary 
of the vifibU flrmamsDt, proved to him at last that the wealth of creation was un/oi4osm^ by any measure bs could apply toiC 
" Marabers numberless” appeared is those regions where the stratum of tbs Milky Way is most extended. 

* Ktmdu d'AttrvnamU SuUain. 
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(Iijpothclically uniform) l«twwn any two utani. But 
in hi» lau*r memoira, llersehel seems lo have felt the 
insecurity of hU cuuelusions, and that there is no 
reason, but the contrary, to believe in u uniform dis< 
Iriliution of thu stars ; that, at least in sonic direc- 
tions, the Milky Way is unfathonvibU^ or its limits 
unattainod even by the 40-fcet telescope. (See his 
Memoir of 1817 ) lie therefore judiciously recurs 
to photometrical measures as the Wst criterion of the 
distance of the stars. The estimate of “the sjvicc- 
penetratin^ power” of his telescopes, already referred 
to (162), enabled him to iufer the relative distances at 
which a star would liecume lost to vision aided bv 


(2M.) 

KcUtWe 

dinCSIlCM of 

»Ur*. 


each telescope. 

Calling the distance of a star of the first magni- 
tude I, and supposing that light takes three years to 
traverse it,* — 


IHi*. 

The diiitAoco of ft ffter of tlift sixth mftg- 
nitud* (ch« JiaU of BDftJsiBtcd vliion) 


will b«. 12 

Liraitof 20-fMl teleftoopa (used io gftug* 

log) J>00 

Limit of t«l»ftcop« 2.304 

Limit of Ijord Romo’i t«l«ftcop<> (6 feet 
diftm«t«r> 3,430 


L(Skttr*«fli in 


36 yeftn. 

s,roo ... 

6,912 ... 
10,308 


Yet none of these telescopes appear to touch the 
boundary of our nebula in the direction of its greatest 
extension, for fresh optical power still yields fresh 
harvests of stars. 

<200.) ^ direction perpendicular to the plane of the 

All Tiftitl* Milky Way, not only is the paucity of stars remark- 
•ur* he- able, but wo seem to look out, as Sir John Herschcl 
describes it, into a starless region external to the stra- 
ihe Milky Sir W. Hcrschut concluded, in 1817* that the 

Way. depth of the stratum in its least dimension is such as 
to include all stars down to those three times more 
distant than the naked eye pcri^ives. His son, 20 
years later, infers, from tbo investigation of the 
southern hemisphere, that the distribution of stars is 
comparatively independent 0 / direction for all those 
which are brighter than the 8th magnitude, and that 
it is hy the influence of the hosts of lesser brightness 
visible in the 20-feet reflector, that the very remark- 
able law of condensation towards the plane of the 


Milky Way takes effect. He is therefore dispo-sed to 
conclude tliat “ our system is plunged in the sidereal 
stratum constituting the Galaxy, reckoning from the 
.southern surface to a distance which corresponds to 
the light of a star of the 9lh or lOth magnitmle.”* 

These great and arduous enquiries occupied Sir <207.) 
William lierHchel during nearly the whole of his 
scientific career, extending to almost half a century. 

His first observations (Struve remarks) dated from 
1774, his last observations on this subject which have 
been pub1ishe<i were of 1804, and his latest paper, 
still on the same topic, was in 1821, wheu he wa-s 
almost on the verge of the grave. 

Excepting the continuation of his labours by his (208.) 
illtutrious son, little has been added to our know. 
lodge of “ the constitution of the Heavens’* since his ng^hei'ii 
death. Wo shall, therefore, hardly recur to the topic re»o«iTbc«. 
in the latter part of this chapter. ISomo German 
astronomers of eminence have indce<i tried to deduce 
from an assumed distribution of the stars in the Milky 
Way, the necessity of allowing that space is not per- 
fectly transparent, and hare oven attempted to assign 
the law of extinction of light through the sidereal in- 
tervals; but having examined their reasoning with 
the best care 1 have lieen able to give it, I am 
bound to say that it appears to me very far short of 
conclusive.* 

IV. 0/ the Motion of our Stfstem in Spnee . — That (go$.> 
the stars are not fited^ but have ** proper motions,** rroj»#r mo- 
not explicable by the gyrations of our earth n»und 
centre of gravity (which produce precession and nuta- n»ijey. 
tion), nor by its revolution round the sun (on which 
aherratioD and (lorallax depend), was a fact first de> 
tccted by Halley from a comparison of ancient and 
modem observations. Though small in amount, yet 
as it continually increases in the same direction, this 
Proper Motion becomes in the course of ages an im- 
portant quantity. In 2000 years, Arcturus, Gas- 
siopeun and 61 Cygni have moved 2^, 3^, aud 6 times 
the moon's diameter. 

In 1748, Bradley (in his paper on Nutation) statc<l (210.) 
the probable explanation of these apparent motions 


^ TbftM BtArtliug re»ulu ftppvftr to be neccftssrlly true, if Ui« following ftJwuDiptiooi b« admlUed <1.) That the *tftn bftvn 
ON <i» avtragt th« lanft brilliatic/ >n all rcgintia of ipacc. <2.) That tha light racpixcd from a star ia inveraviy aa the aqaare of 
Ut« distance ; or that the lawe of radiation and of «<* Wro are rigoroiuly true, tod that there ia no abeorption of light in apace. 
(3.) That the eialbillty of a atar ia exactly aa the quantity of light received from U In the teleeoope. Probably thU laat a»ump- 
tinn U ibe leaat aure. We know that cugoifylng power (indepeadeatly of Ulumlnatioo) affects the reault. 

* Cape Oiaervalione, p. 383. 

* 1 ought perhapa to atata that in thia pusageJ have referred to the reaaoninga of M. Struve, coohained In the latter part of hia 
El»dt$ d' Aitroni>mi4 SuUmm. llaviog taken anme paint to follow the argument of that work, which profeaaea U> be “ baard en- 
tirely opon obeerration, without any arbitrary bypoiheais,” I waa reluctantly led to the conclusion that M. Struve'a aaeumptiona, 
if tacit, were not the leM arbitrary and queeiionable. Indeed It appeare aclf-evident that no geometrical certainty can be at- 
tained aa to the relative dUtancec of the stare coropoaiog tlw Milky Way, but from aome fundamental byputheela respecting their 
magnltudet and distribution. 1 am persuaded that the popalar writers and reviewers who have given additional publicity to 
the irktst striking and positive of M. S^truve'a conetusioeia. have (very naturally) done so on the strength of the author's well-de- 
aerved reputation as an obeerver, and without attempting to analyte hia reasoning, w hlch U tnoat be owned Is aotnetimea obteure. 
kfy objectiona to M. Btruve’s srgum-nt were put In writing tcveral years ago (1850), bat not publlthed except ia my lectures. 
It wav only whilst correcting the proofs of these sheets (1853) that 1 saw for the first time a memoir by Pmfesjor Rncke in the 
Artrom^tmiieht Ifaekriehun^ vqI. xxtI., No. 622 (pnbUshsd in 1848X Dialntaloirg the same view of the invalidity of M. Btruve'e 
reaeoning, and queetioning the hy|>othe«#«(of which M. Eneke reckons ji*y)tacltty avsumed by him. The l>ul<'b Academy of Bciencea 
(Uaarl«m)hBSpropoeedth» points at issue between MM. Blrnve and Encke as the anbject of a prixe question. 
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of to be the real displacement of our nun and system in 
tha wiar space. Id 1760 Mayer gave a list of BO stars whoso 
»y*tMn m pj-op^j. tnotioos he determined by a comparison of 
Romcr’s observations. He conceived the possibility 
Msy«r. of determining the direction of the solar motion by 
the changing aspect of the constellations, keeping in 
view, however, that the effect is complicated by real 
independent movements of each Individual star. 
Lambert and Mitchell entertained similar views, but 
earned them to no practical result. 

(ill.) Hero, then, Herschel appears on the field. He 
**f^ -^*'“proceeded in 1783 to do what his predecessors had 
caLam the discussed the pos^riotufy 0 / Ills own observa- 
dirretion tions were not available in a problem like this. Tnk> 
of notion. Jug values he could obtain of the Proper 

hfotions of only about 20 stars, he, with great saga- 
city and success, divined that the solar system is 
moving somewhere in the direction of X Herculis, a 
point in the heavens whose right ascension is 257**, 
and north declination 25*^. This result he arrived at, 
almost without calculation, by a mere consideration 
of the changing perspective of a multitude of ob- 
jects amongst which the spectator moves. Mayer had 
compartM] the change to that seen when wo walk 
slowly through a grove of rather distant trees. Those 
in front will seem to widen or expand as we approach, 
those behind will condense towards the point we are 
quitting. The greatest proper motions will bo in the 
objects on our right and left as we advance. It U 
not to be suppos^ that we find in the stars the amet 
counterpart of this change of place. For each star 
may by iU own absolute tnoreincnt in sj»aco cither 
conspire with or oppose the motion due to perspee- 
tavc. But a combination of the whoU results will 
make apparent the direction of that part of the motion 
due to a common cause, that is, to the translation of 
our system in space. A cleverer approximation than 
Uers^ol's was never mode. He returned to the sub- 
ject in ISOfi, but there is reason to think that his 
first result was the more correct. 

(212.) As nothing has been adde<l to Herscbel's 

MorvrMeotdiscovcry of the direction of the solar motion, we 
shall here refer once for all to the important con/r- 
•abject. maiionjr which it has since received. Professor Ar- 
gelandor, availing himself in 1835 of the improved 
state of astronomy since Bradley’s observations were 
made, and since their reduction by Bessel, considered 
the whole problem in a genera] and gi^jmetrical 
moaner, including every well-determined proper mo- 
tion' by means of appropriate equations of condition, 
which, being resolved by the method of least squares, 


give the direction of solar motion 261^ IV of right 
ascension, and 30’ 68' of north declination, differing 
respectively about 4* and O'* from HerschePii first 
numbers. Perhaps a still more convincing confirma- 
tion wasobtained by MrGalloway(i'A»7. Trans. 1847), 
from the proper motions of stars of the southern he- 
misphere alone, which lead to a result nearly coin- 
ciding with the above. 


Sir William Herschel's leading discoveries in Side- (213.) 
real Astronomy may therefore be reduced to these — of 
the discovery of binary systems of stars and the orbits ,K:heri au- 
of several revolving stars ; the discovery and clossifi- oovsHm. 
cation of a prodigious multitude of nebula: ; the law of 
grouping of the entire visible firmament, and its con- 
nection with the great nebula of the Milky Way; and 
lastly, the determination of the fact of the motion of 
our sun and system in space, and the direction of 
that motion. Setting aside all that is valuable, in- 
genious, and noble in his farther speculations, and 
nil that he contnbuted to the enlargement of our 
knowledge of the system of sun and planets with 
which we arc more immodiaudy connected, these po- 
sitive discoveries will ever remain a magnificent tro- 
phy of his perseverance and success as a natural phi- 
losopher.® 

When his increasing years remlerwl the relaxation (21*-) 
of his arduous course of telescopic observation ad- 
visable, whilst oil his other faculties were in the vstioos. 
highest vigour, he began to devote more attrnticn to 
physical enquiries less directly connected with astro- 
nomy. The nature of the emanations of light and heat 
proofing from the sun was a matter on which he 
was forced to speculate in connection with his ideas 
of the snn's constitution ; and even the practical en- 
quiry as to the kind of dark glasses b^t fitted for 
defending the eye in observations of that nature, led 
him, in conformity with his usual liabit, to a large 
series of experiments on solar heat, and its trons- 
missibility through glasses of different colours, and 
other bodies. In tlie progress of these he was led 
to examine the heatiwj power of the di^erent r<iy# 
the Mpfetram, and consequently the rrfrangibility of 
heat. He then arrived at the real discover}* that the 
place of greatest heat in a spectrum formed from the 
sun’s rays by a flint-glass prism is considerably be- 
yond the extreme visible rci ray. But wo shall re- 
turn to this result in connection with the history of 
radiant heat. Ho also made some experiments on 


* A tmall tUr in Uma Major (1830 of Groonbridga's Catalogue) bas an annual proper motion of tT’d? ; ibe star S131 Pup- 
pla, la tb« grsntMt known. Wing 7"*87, 

* No hbtorian of edetice. or biographer of Sir W. Iloracfart. can fad to seknowlodge with gratltitde the important aaiUtaDoe 
afforded bjr MM. Arago and Struve toacompeiidloaa acquaintance with hl> writinga and diacoverlea; the fontirr b)r hU article on 
Uerecbel in the Aanuaira du liurtav det L^^tudt§ for 1842. the latter in hU A’luiirr d'Attronomi* SttUaiir. While acknowledg- 
log my ohUgatioos to thcae workv, I nhall not bo euspccted by any careful reader of bating diaponaed with a reference to the 
ongioal tBemoin ; atUl leaa of having adopted without eaamination the condoiioiM of tbcM emioeot aulbort, from whom, Indeed, 
on tome iaportaot pointa, I differ entirely. 
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the colours of thin plntes, but to these he did not 
attAch much importance. 

(SIS.) The philosophical character of Hcrschcl is almost 
H<>rwh«r« included in what precedes ; hut we will endeavour 
®*“™^***‘> to sum it up in a few words. He united in a re- 
markable decree the resolute industry which distin- 
piishcs the Germans, with the ardour and constancy 
of purpose which has been thought characteristic 
of the Anglo-Saxon. From his native country ho 
brought with him a boldness of speculation which 
has long distinguished it, and it is probable (hat ho 
had also a vigorous and even poetic imagination. 
Yet he w'as ever impatient until he hod brought his 
coujecturcs to the test of experiment and observation 
of the most uncompromising kind. He delighted to 
give his data a strictly numerical character. Where 
this was (by their nature) impossible, ho conBrmed 
his descriptiona by reiterated observation, in different 
states of weather, with different telescopes, apertures, 
and magnifying powers ; and witli praiseworthy fide- 
lity he enabled his readers to form their own judgment 
of the character of his results by copious and literal 
transcripts from his journals. On his claims t*> 
originality we are unable in all cases to decide, owing 
to almost his only literary fault, that of rarely al- 


luding to the writings of his predecessors or ron- 
teuiporaries, even so far as to acknowledge their 
cxislenco. The discovery of binary systems is pro- 
bably that which was most absolutely his own ; hut 
even supposing the speculations of Wright, Lambert, 
and Miieiicll were not unknown to him, this would 
diminish but little the substantive merit of having 
devised and exccu(e<l the means of removing them 
from the regions of almost metaphysical abstraction 
to that of concrete reality. 

His long and tranquil but ever active life corre- (S19.) 
sponded hap]>lly to the nature of his pursuits, which bis loog 
rwjuired an nl»olutc devotion of his time, and the 
means of instituting comparative observations aflcr 
an interval of many years. There are not many 
philosophers who could have expected within their 
lifetime to sec at least one pair of suns complete 
their mntnal orbit. 

HerschcFs career at length drew to a close. He (217.) 
died peacefully at Slough, near W'^indsor, where hc^^**®* 
had resided throughout the greater part of his 
life, at the age of eighly-threc, on the 23d August 
1822, one year only after the publication of bis latest 
memoir in the Transactions of the then recently 
formed Astronomical Society, of which he was the 
first President. 


S 3. BesskIj — M r Aibt — Modem Obiervatones. Fixed Star Cataloguee — Planetaiy and Lunar 

Observations. 


(218.) As we ap)iroach the most recent period of the his- 
Modern m* tory of astronomy, I feel the increasing difficulty of a 
due condensation and selection of the interesting mat- 
ftiaoe ISie. which claims oar notice. Astronomy has been so 
generally and so zealoasly cultivated, that it seems 
almost invidious to select a few names and a few lead- 
ing discoveries as the topics of discussion. It is, 
however, necessary to do so, and 1 shall be guided by 
the single aim of trying to specify impartially those 
individuals who have by their labours given most of 
the impress of the age to the science which they re- 
present. In a subject like this, of almost infinite de- 
tail, the reader is not to f>xpect a list of the names of 
all discoverers and improvers ; it is not our business 
here to dwell upon mere labours of precision, to which 
so largo a part of the most useful industry of astro- 
nomers is devoted ; but to show the spirit in which 
these labours must be undertaken, and the general 
results by which they enrich the knowledge of the 
passing generation. 

( 219 .) Li the first section of this chapter we have sketched 
PrtcUcsl (in connection with the name of Maskelyne) tlie 
gtftto of accurate astronomy in fixed obsenatorics, 
down to about the year 1810. Since that pcrioil the 
multiplication of olwervatories has been very great. 
Tliero lias been a great improvement in instruments 
and in the methods of using them. But there has been 
an inoomparably greater advance in the methods of ex- 


tracting trustworthy results from observations made 
with due care. The art of dividing instruments was 
carried to great perfection in Great Britain by Graham 
and Bird, but their preference of the quadrant to m- 
struments of a circular form (introdnceil long before 
by Rdmer) retarded the progress of astronomy. Fo- 
reign observatories in the early part of this century 
(as in the last) sought their divided instruments from 
liondon ; Piazzi and Be.<isel worked with English 
circles. Troughton was as an artist the worthy suc- 
cessor of Kamsden; and even to the present time 
British astronomers, at least, do not atlmit that the 
nice contrivances and beautiful workmanship of Hop- 
sold and of Merz in Germany, or of Gamboy in 
France, have produced instruments worthy of more 
confidence than those which have been constructed 
at home. In the improvement of object-glasses for 
telescopes, however, Germany and France bear away 
the palm, although for many years Dollond supplied 
Europewith his achromatic telescopes. With regard to 
constancy and fidelity of observation, whether in fixed 
olwervatories or in maritime and geographical expe- 
ditious, English astronomers have never been back- 
ward ; and the reputation of Greenwich Observatory 
in this respect (and also in the punctuality of pulw 
lication) has, as we have stated elsewhere, earned the 
approbation and gratitude 8f all Europe. 

But here our praise of British astronomy must ( 220 .) 
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K«ductian pause. Until Ter; recent timeA, with few exceptions, 
ofobM>r«* our obserrers, howeyer indnstrious, have merely 
used mccUauienUy ike apparatus put into their hands 
by intolli^nt and conscientious artists, who yet, 
never having occasion to apply their own handiwork 
to the purposes for which it was made, could not he 
expect^ to detect deficiencies of construction, nor 
to possess the mathematical knowledge required to 
remedy them. To determine in a complete and inde* 
pendent manner the errors, not only of adjustment, 
but also of construction of the instruments, and to 
correct them by calculations (deduced when neces- 
sary from frequent obsorx'ations of their amount) is 
now felt to be tlie duty of the astronomer himself. 
This improvement (though, as we shall see, already 
partially practised even in England) was mainly due 
to Bessel, whose name wo have placed first at the head 
of this section. But astronomy owes to him much 
more than this. He first showed that it is part of 
an intelligent astronomer’s duty, not only to o6#crtr 
stars and planets, but to undergo the vastly greater 
labour of comparing his results with the best theories 
of his time, and of improving as far as possible those 
theories, so as to hand over cadi branch of seienoc to 
his successor in a more perfect state than that in 
which he found it. In all these respects practical 
astronomy commenced a new epoch in Germany, and 
on this account principally we place the name of 
Bessel in a conspicuous rank. 

(2^1.) Frieuricu Wilhelm Bessel was bom at Minden 
Rpwl—bia Qn 22d July 1784. He was destined for a mer- 
cantile career ; and it is an interesting fact that it was 
the expectation of on appointment as supercargo on 
a commercial voyage which led him to study naviga- 
tion and astronomy, and finally induce<l him to de- 
vote his entire energies to the latter science, in which 
he received eveiy encoun^meut from the amiable Ol- 
liers, who fortunately inhabited Bremen, where yuung 
Bessel was engaged in business. He commenced his 
astronomical career by reducing Harriott’s oWrva* 
tions of the comet of 1607» and was thereafter ap- 
pointed assistant to Schrotcr at the observatory of 
Lilientkal. In 1810 he was removed by the Prussian 
government to the charge of the observatory about to 
be erected at Konigsberg, where he s|>ent the re- 
mainder of his life, and which he very speedily raised 
by his labours to almost the first rank of European 
observatories. In fact, he possessed, in a singular 
degree, the qualifications for directing a great obser- 
vatory ; including a thorough acquaintance with the 
use of instruments, with the theory of astronomy in 
nil its branches, with the higher mathematics, and also 
the art and practice of calculation, as well as with 
many allied branches of natural philosophy. 

The work by which he is perhaps best known, the 
*• AstronomicE^ is not grounded on bis own . 

trtnonuan obser\*ations, nor even those made in the some cen- 
tury, nor in his own country, but, what may appear 
singular, upon the observations of Broiiley at Green- 


wich in 1750 and some following years. In reality, —reduc- 
no better observations had been then made. The in- 
struments ba<l undergone no material change during 
the long and industrious, though not splendid, career tioos. 
of Maskclrno ; and Bradley was beyond question the 
most accomplishes! astronomer of the 18th century. 

Let us record it as a fact for the encouragement of 
consdeniious labour in the scrvico of science, that 
these precious records of the state of the heavens, of 
which the value seemed unknown to a whole succeed- 
ing generation (so that they were not even printed 
in a crude form until uearly fifty years aAcr they 
were made), were disinterred, so to speak, by an 
illastriona foreigner, and in course of time made the 
basis of what, in respect of precision and method, 
might bo called a new astronomy. Bcascl was as- 
sisted in this work by a grant from the British Board 
of Longitude. 

The observations especially considered by Bessel (223.) 
are those of the fixed stars. To apprehend their iin- 
portauce, we must recollect that the foundation of 
accurate knowledge of the orbits, and of the pertur- 
bations of the Solar System, not to mention less ap> 
parent but not less remarkable changes of place in 
the stars themselves, consists in rendering perfectly 
comporuble observations of position nt one time with 
those mode at another more or Jess remote. Now, 
not only are our transit instruments and qnadrants, 
and circles, and clocks, afiTccted with errors more 
or less unknown, so that the registered figures re- 
quire correction ; but, in ronscqucncc of Kefractinn 
and Aberration, wo see no body whatever exterior 
to the earth in its real visual position ; and this 
visual position, when found, is affected by Parallax. 

Besides all this, the grand points of reference in 
the sky, the Pole and the line of Equinoxes, are 
undergoing perpetual, though small, changes of po- 
siiiou: — thu first star of Aries had already, in the 
time of Hipparchus, wanderwl from the point of in- 
tersection of the Equator aodEcIiptic; — consequently, 
longitudes and right ascensions have to be rcckonc^l 
from a directional line in space altogether imaginary. 

The pole of the heavens wanders amongst the stars, in 
consequence of Nutation — the obliquity of the Ecliptic 
is itself changing; and, to crown all these causes of per- 
turliation and seeming unsteadiness, the stars called 
fixed have (as wo have formerly seen) peculiar and 
individual displacements not accounted for by any of 
the preceding causes of change. In short, nothing is 
fixed and comparable, except our measure of time. 

The length of the sidereal day is subject to no secular 
variation. The liases of Astronomy, — the Fund^j- 
mfmta Attrohomi<t, — then, evidently consist in tho 
perfect evaluation of all these varying elements, so 
that the stars, if not really fixed, may become, for ua 
at least, virtually so, — that by their aid the position 
of tho fundamental directional lines of the sphere 
may at any time be found, and the relative positions 
of the stars themselves. After this it is easy to 
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refer the place* of wandering bodies to standard 
points, 

rss4.) Bessel’s work includes a methodical reduction of 

RMoJts. place* of above 3000 stars observed by Bradley, 
and an investigation of the sun*s apparent path, to< 
gether with a full discussion of the principles and 
application of every oorroction, instrumental and 
uranographical, whi^ such observations require, and 
which are applicable to all others of the same kind. 
It includes, therefore, dissertations on some of the 
most delicate points of Astronomy, and “ Constants'' 
for the diJSerent corrections, which, with slight vans* 
tion, have been since employed in every observatory. 
Bessel devised also a remarkably simple mode of find- 
ing for each star the varying corrections of its place. 
The propvr motionM of the stars were also determined 
for the first time with approximate exactness, by 
comparing Bradley’s places with more modem ol^ 
servations. 

(2SS.) In subsequent yean (the F^ndamenta were pnb> 
o^ob«r- *‘***®^ 1818) Bessel contributed to the science of 

vktloot. astronomy numerons and regular observations of the 
heavenly bodies ; the Annals of the Konigsberg 
Observatory were regularly published from 1814, 
being (I believe) the first foreign establishment 
which followed the example set by Maskelyne at 
Greenwich, with the important addition of systematic 
reduction. 

fate.) Of the subsequent laboun of Bessel we must speak 
M shortly. The determination of the parallax of 

gfi iurffB -ff - the star called 61 Cygni, perhaps the most original 
■y- and important of these, we shall refer to another sec- 
tion, where we shall compare it with the results ob- 
tained by other astronomers. He made interesting 
physical observations on Halley’s comet at its return 
in 1835; be prepared the materials for a very ex- 
tended catalogue of fixed stare, arranged in soncs, 
more recently published by Professor Weisso. In 
connection with the theory of the pendulum as a 
measure of gravity, be repeated and extended Newton’s 
important experiments on the uniformity of the gra- 
vitating force on all kinds of matter ; he applied a 
new correction to the vibrations of the pendulum, and 
improved the method of observing them correctly; 
and he discussed with his habitual mathematical skill 
and elaborate perseverance the figure of tlie Earth, 
from the whole of the then existing observations ; 
whilst he also directed an operation for connecting 
the Russian triangulations with those of western 
Europe,— a delicate task, which he performed with 
consummate skilL It will thus be seen that (without 
mentioning a host of minor works and memoirs) there 
was hardly a great department of Astronomy in which 
Bessel did not take a distinguished part. Even the 
discovery of Neptune, by calculation from the irregu- 
laritios of Uranus, was contempUted as s prscticabls 
problem by the veteran astronomer in his later years. 
He died on the 17ih March 1846 ; therefore only a 
fow months previous to the publication of MM. Le- 


verrier and Adams’ discoveries, and their triumphant 
consummation by M. Galle. 

Even before Bessers career as an astronomer had (S^.) 
properly commenced. Pond, in England, had antid- ***• 
{i^ted, in a good measure, the improvements in prac- ner-Roysl, 
tical astronomy to which wo have referred in the »a excei- 
beginning of this section. Already, in the earliest 
years of this century, he had made observations at his 
private residence with a oomparatively small circular 
instrument by Troughton, which led him to detect the 
gradually increasing errors of Bradley’s quadrant still 
in use at Greenwich, and to recommend the adoption 
of complete circles (^used since the time of Romer) 
and the specific examination of errors of division. 

These principles he carried out at Greenwich, to which 
establishment he was aflcrwards appointed. His very 
indiflerent health prevented that incessant activity 
which the management of a first-rate observatory re- 
quires; nevertheless, he is justly regarded as one <^the 
chief reformers of the practical astronomy of those 
days. 

His successor, Mr Airy, has distinguished himself (8S8.) 
by a more active career. Endowed with very un- 8ocoeeded 
common abilities, and with great physical powers of 
endurance, be has, from his youth, been over foremost 
not only in promoting, in every one of its departments, 
his favourite science of Astronomy, but also many 
other allied subjects, particularly Optics, to which we 
shall have occasion to refer in another section. 

Bom in the county of Northumberland in 1801, (2S9.) 
Mr Gboeoi Bidoill Anr acquired great distinction 
at Cambridge, where he graduated in 1823, and was 
appointed to the charge of the Observatory there in and pwtl- 
1826, after the death of Proft«sur Woodhouse, a per- Mtrw> 
ion sineerelyattached to astronomy and well skill^ in 
it, yet one who did not succeed in imparting much in* 
teresteither to its theoretical or practical departments. 

Mr Airy engaged in the important investigation of a 
now irregularity in the motion of the Earth and 
Venus, to which I have referred in the chapter on 
Physical Astronomy (114)i and at the same time he 
undertook to publish his own Observations in regular 
annual volumes, including a complete comparison 
of the results with the best tables, thus presenting 
at a glance the existing errors of theory. This prac* 
tioo he introduced at Greenwich on succeeding Pond 
there in 1835; and he has pursued it ever since. 

But not contented with rendering the annals of the 
National Observatory a correct reflection of the state 
of the heavens in his own day, and also of the con- 
dition of Astronomical Theories, he did not rest nntil 
he had performed for the observations of his prede- 
oessors the same service, and thus produced a series 
of comparisons of the observed and calculated places 
of the moon and planets, unexampled for extent and 
accuracy. Beginning with Bradley’s Observations 
in 1750, be investigated and appli^ all the instru- 
mental and uranographical corrections to each, as 
Bessel had done for the observations of the sun and 
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fixed starfl« and then calculated the tabular pltlcee for 
the same instants of time. This last, especiallj in the 
case of the moon, was a trulj formidable task. The 
whole labour was methodicallf pcrfonnc«l at the 
expense of goTcmmcnt by a staif of no less than six> 
tern computers, under Mr Airy’s vigilant superin- 
tendence, and it extended, first and last, over the 
space of a doxen years. The rrsults, printod in the 
most compendious form, fill 2200 quarto pi^^. One 
consequence of this systematic r^uction was, that 
MM. Lercrricrand Adams were separately provided 
with the places and errors of the Tables of Uranus 
necessary for their great investigations; and the 
Lunar Theory has been enriched with 31r Hansen’s 
latest corrections through the same facilities. The 
final corrections of the co-efficients of the Lunar 
Tables are concisely stated by Mr Airy in a paper 
addressed to the Royal Astronomical Society. 

Like Bessel, Mr Airy is thoroughly acquainted 
with the theory and practice of mechanics ; and be 
has applied his knowledge both to the improvement 
of clocks and of proper astronomical instruments. A 
great and apparently soccessful experiment of tho 
latter description is now taking place at Greenwich. 
A meridian circle (combining in effect a mural circle 
and Ursmsii instrument) has been erected, of great sizo 
and optical power (6 feet circle and 8^ inch object- 
glass). But the novelty of tho apparatus is its great 
weight and strength. Hitherto artists and astro- 
nomers have sought to avoid the evils of unsteadi- 
ness and flexure principally by the elaborate framing 
and trussing of light materials (chieffy brass tubes), 
and (in Germany especially) by an elaborate system 
of counterpoises. The new Greenwich circular in- 
•troment is constructed of as few pieces as possible, 
of great strength and weight, and in great ]>art of 
cast iron. The whole was elaborated and prepared 
for dividing in an engineering workshop, and with 
the powerful and accurate tools which modem engi- 
neera use. A man might stand upon the axis with- 
out producing the smallest l*ad effect. It is under- 
stood that the result is perfectly satisfactory as to 
steadiness and stiffness. Mr Airy has likewise in- 
vented and croctod a new and most ingenious zenith 
tube (acUng by reflection) for ascertaining the place of 
^Droconis, a star which, at its superior culmination, 
crosses the meridian of Greenwich almost in the zenith. 

There are few projects for the improvement of 
astronomy in the last twenty years in which Mr Airy 


has not been a counsellor or participator. He has lotrodoe- 
at all times given efficient aid to those engaged in 8*1" 

pursuit of science; and has been himself tho first 
port from America and to establish on a great scaleMrvattooat 
the method of reconling observations by means of at*rt*nwich. 
galvanio pressure produced on a sheet of paper sur- 
rounding a cylinder; which cylinder is move^l in a per- 
fectly uniform manner by means of a connection with a 
clock producing uniform motion on the principle of 
the conical pendulum. By means of a simple contri- 
vanoo the tracer follows a slightly spiral line, so that 
one barrel may include many hours of continuous ob- 
servations. He has also established galTaoically time 
signals, and employed them for the determination of 
longitudes. Besides all this, he has taken part in 
furthering geodetical measures, in regulating the 
national standards of length, and in promoting in 
various ways tho collateral sciences. He contributed 
to tho Eneyclopatdia MftropoUtoM a most able 
analysis the methods for determining the Figure 
of the Earth, and his oonclusiona have been very 
generally adopted. In the same publication he has 
given a theory of the Tides, already referred to (78, 

82). The public and his own university are indebted 
to him for several very valuable text-books on mathe- 
matical physics. 

During his incumbency at Greenwich, Magnctical (232.) 
and Meteorological Obserrations have been 
to those of Astronomy, and engage the time of four te^roiogi- 
regular assistants in that department. The astro- c«l oWr- 
nomical assistants amount to six, besides occasional 
computers. It may safely bo affirmed that there is 
not a public establishment in a more complete state 
of efficiency than is Greenwich Observatory at this 
moment; and that its traditional reputation, ex- 
preesod in the emphatic euloginm of Dclambre, Art. 

(160), runs no risk of deterioration under the direction 
of Mr Airy. 

Our limits will not allow us to refer to the nu- (233.) 
merons private obecr^'otories in England and 
ones abroad which are contributing useful elements 
to the promotion of astronomy. It is not too much 
to say that the activity of Greenwich has set a gene- 
rally good examplo. The observations at Oxford 
and Edinburgh have long boon reduced on a syste- 
matic plan ; those at Cambridge had been already so 
treated. The establishments where sidereal astro- 
nomy is particularly cultivated will be noticed in 
another section. 


§ 4. BorDA — KaTER — Baily. The Figure of Oie Earth from Pendulum Oh$trvaHona — Reduc- 
tion to a vacuum;” Mr Stokea. Colonel Everest — M. Struve. Latest Measures of the 
Earth. M. FoucaulCs Pendulum Eaperimeni. 


In the first section of this chapter I have men- 
tioned tho progress made in detennining the figure 
of the earth by measurements of its suriaco in the 
early part of this century. 1 shall now advert 


briefly to tbe employment of the pendulum for tho 
same purpose. 

CHairaut had published in 1743 a very remarkable (288.) 
theorem which connects the force of gravity in any 
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CoDD»etioQ Ifttitude with the compression of the terrestrial cllip- has had a yery ^roat reputation in France. He was 
soitL' The pendulum is the readiest and most accu« one of the principal desi^ers of the measurenicut 
of means of determining yariations in the force of of the French arc, and was employed in its su^ierin* 
the earth— gravity ; the repetition of its oseillatious enahling tcndcncc, cs|>ociAlly as regards the measurement of 
ThTOfT** * ohserver to ascertain their average duration with the base. Ilis experiments on the pendulum were 
"■ extreme nicety. The more rapid the oscillation the originally undertakeu(I believe) in ITUO, with a view 
greater is the force of grarityi because the heavy to making it the basis of the national measures, but 
body is more quickly drawn into its lowest posi* were afierwartls subordinated to the greater scheme 
tion. Two sets of obscn’ations, made in different lati- of terrestrial measurement. Baily records a fact 
tudes, would, rigorously speaking, suffice to deter- connected with Borda, not unworthy of mention, as a 
mine the polar compression, supposing the earth to caution to observers : — the ysar in which miuiy of 
be a geometrical ellipsoid, and composed ofhumogo- his experiments wero made it not discoverable from 
neous and concentric layers ; a larger numlier would the account of them, though the day, hour, minute, 
serve to test the accuracy of these assumptions, and and i«coud^ are recorded with praiseworthy fidelity, 
would, at all events, imperatively required to From this time pendulum experiments assumed an 
eliminate the errors of observation. astronomical and gcodctical importance. The appa- 

(236.) It might be supposed that to swing a pendulum, ratus of Borda consisted of a slender metallic wire, 

Esrly p«D- count its vibrations, and measure its length, is a attached at one end to a knife-edge suspension, and at 
very easy thing. Experience shows that a more the other to a small brass cap, nicely fitted by grind- 
difficult practical problem can hardly be proposed, ing to a sphere of platinum which formed the bob or 
Those persons, therefore, who have in a good mca- weight of the pendulum. The oscillations were countc*! 
sure overcome the diiHcolties, arc to lie regarded aa by the method of “ coincidences,** that is, by placing 
promoting materially an enquiry which haa always the experimental pendulum in front of a good clock 
ranked amongst the most interesting connected with with a known rate, and observing after how long a 
astronomy. Some of the observations of the eight- time the two pendulums (having started in the some 
centh century, especially those of Lacaille at the direction) again coincide<l in their motions by one of 
Capo of Good Hope and of Phipps in the Arctic thorn having gaincil or lost exactly two vibrations ; 

Uegioos, appear to liavo been made with much care ; a method which has boon used at least since the 
but the Fi^eh astronomer Borda seems to have time of Bo\igiier. The time of vibration being thus 
given the initiative to observations of a higher degree known, the distance from the knife edges to the hot- 
of aoeoracy, and his methods were ably carried out tom of the ball was measured by moans of a scale ; 
in eoaneetion with the great French meridian arc, and due corrections for the position of the centre of 
by M. Biot, who even extended his stations to the oscillation were then applied. 

Island of Unst in Shetland. By English observers, an invariable pendulum of (9SS.) 

(237.) Jeax Chaules Boeda, who was bom in 1733 and the form of a flat bar, provided wilii a bob or weight, 

1799 , was devoted to the promotion of the haa nsually liecn preferred, and on the w hole it ap- 
iDMh^ of sciences, and contributed in an eminent degree pears to be more satisfactory. Such a pendulum, 

makiog to the precUioQ attained in physics and astronomy after being compared with an astronomical clock at 
townnls the close of the last century. The name of Greenwich, or any other place of reference, is taken 
Borda deserves a record in the history of science, to different stations and its rate of vibration detcr- 
since it has been said of him, by no lest an authority mined, and it is then hronght back and compared once 
than Pr Young, that ** ho soems to have ])Ossc8se«l a more at tho point of starting. Important scries of 
considerable share of that natural tact and sagacity observatiuns of this kind have been made by Colonel 
which was so remarkable in Newton.** His earlier Sabine and Captain Foster, and also by Admiral Dn- 
researches were connected with hydrodynamics, and perrey. 

the resisted motion of projectiles j in later years ho But (he two individuals who have most studied 
was chiefly devoted to practical astronomy an<l geo- the practical determination of tho length of the sc- 
desy. Tho portable repeating circle invented by him comls pendulum as a mechanical problem, are Kater lots n«n- 

* sores. 

LopUre * Clsirsut (bssldos giviog s theorem which, in th« cow nf no •llipwii], rennsrti the polsr rofopres^ion with the incresM of 
end Mr grsTlty there) showed that the iocr««M of the force of grsvity from the equator will varj M the square of the tine of the Isti- 
Stokrs on tude. This be proved to be true when the spheroid is bomogeneoue, or when it is composed of HimiUr concentric la^en of 
tbs Mrtb's varying dmsity. Laplace eanArnied the result by a difTerent SDalytls, and farther showed, that if the earth be composed of con- 
sttraetkm. centric strato which are severally homogeneous, and nearly spherical, bat otherwise arbitrary in fora, and if the surface be tbat 
of a fluid Id eqailibritua (ss it practically is wb«a we rcf«r the earth's 6gare to the sea-level), there exists a neceesary coBDevtion 
between gravity sod the superficial figure, which, in the case of an eilipsoidofrerolatiun, leads to the same relation of the square 
of the sine of the latitude. In this case, also, the strata are preeuaed to be ooncentric. Out in a recent and remso-kable paper 
by I’rofeasor Stokes, it is shown that the law eonneeUng the force of gravity and the figure of equilibrium sUll bolds when no hypo- 
tbceii whatever is made as to the distribution of tho matter within the earth, provided always that it be conslsteBt with the observed 
fact of the ellipeoidal figure of the earth's fluid covering. Thus the confirmation, by means of pendulum experiments, of L’lairaut's 
Theorems cannot be regarded as a proof of the concentric arrangement of the strata, nor (so far) of the primitive fluidity of 
the earth. See C«mhnd^ fVaaMKtibisr, vol. viii. ; and for a eiinpler proof, Cambrid^t amd i>iiMia ifath. /ownsoL vol. tv. p. IM. 
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and Bailj. As regards the determination of the 
Earth’s figure, the relative length of a pendulum vi- 
brating seconds in diflieroot latitudes U all that is re- 
quired ; but the abfoluie length in a given place is 
neecssarv fur finding the force of gravity there ex- 
pressed by the acceleration of falling bodies tn vacuo 
in one second ; and as the British standard yard was 
at that time made to depend on the length of the pen- 
dulum vibrating seconds at London, this enquiry was 
mixed up with the intricate one of National Standard 
Measures. 

Captaik HrvRT Kater was a person of remarkable 
mechanical skill and ingenuity, and his numerous pa- 
pers in the Philosophical Transactions, between 1813 
and 1826, refer chiefly to the accurate construction 
and use of the Pendulum, the Balance, and certain As- 
tronomical Instruments. He first applied to practical 
use the beautiful theorem of Huygens respecting the 
convcrtilnlity of the Centres of Oscillation and Sus- 
pension of the pendulum. A metallic bar pendulum 
was provided with two parallel knife-edges facing op- 
posite ways, and upon either of which it might be 
swung. They were so arranged that when either was 
used 08 the point of suspension, the other nearly ro- 
presentml the centre of oscillation, and by means of 
a small xidjustable weight, this condition might Ite ac- 
curately fulfilled ; in which case (by Huygens* princi- 
ple) the distance between the knife-^ges corresponded 
accurately to the length of an equivalent simple pen- 
dulum. This elegant application was farther t^ted 
by Mr Baily, but it was found liable to serious prac- 
tical objections. Baily dispensed with the sliding 
weight, and rendered the pendulum invariable : the 
distance of the knife-edges was adjusted by grinding. 

To Kater we owe the invention of the floating Col- 
limator, for asoertaioing the accurate tero or level 
points of divided astronomical instruments. The op- 
tical principle on which it depends is a very beau- 
tiful one, and the invention of Kater, with several 
improvements in point of form, has be^me the auxi- 
liary of nearly every observatory in the world* It is 
one of those small but happy improvements which 
affect materially the progress of Science. 

Francis BAiL.T,wiiowas bom 28th April 1774, and 
who died 30th August 1844, was an instance of a 
person not endowed with extraordinary talents, yet of 
singular use in his generation. Those who knew Mr 
Bailypersonally, and what he accomplished for Astro- 
nomy, are best aware bow rare and yet how estimable 
arc such qualifications as his. Born of parents of a 
middle rank of life, educated at a country school, and 
at an early thrown into the vortex of commer- 
cial life in the city of London, no probability could 
have appeared more remote than that he should ac- 
quire the respect of even the most accomplished As- 
tronomers by his scientific acquirements and perform- 
■Boes. He enjoyed the advantage, in the first place, 


of a perfectly sound and unintermpted state of health 
until his 70lh year. His intellect partook of the 
equable tone of his bodily powers. Method, and an sadchara^ 
a^our which, instead of acting by impulses, seemed 
inexhaustible and unvaried, were the secrets of his ' 
success. Mr Baily never was hurried, and he never 
was unemployed. He had always leisure to encourage 
men of like tastes, and he was never unwilling to learn 
from any one who hod knowledge to communicate. 

To do one thing at a time was his first principle. 

When thoroughly accomplished, it was completely put 
aside, and a fresh subject undertaken* Whether an 
experiment or a calculation was found to require a 
month or three years, it was pursued to a successful 
completion, without stint or grudging. No amount 
of contrariety and fiiilure in such matters was ever 
known to ruffle his temper, or to make his persever- 
ance fill ter. 

Francis Baily was known, in the first place, as the 
founder (in 1820) of the Astronomical Society of 
London, an institution of signal utility, which has nomicml 
ever since been conducted with great jodginent andSocistj. 
success* His accurate knowledge of past and current 
astronomical history, and his personal aequaintance 
with most European astronomers, enabled him to 
conduct its affairs with great advantage. 

Amongst his other acquirmnents, he studied hit- (844.) 
tory and chronology with his customary precision. A 
very able paper on the date of the celebrated Eclipee ^ ^ atv*** 
of Thales was his earliest scientific publication,^ and cstelogim. 
the literature and phenomena of solar eclipses occu- 
pied his particular attention ever afterwards. His ac- 
counts of the Eclipse of 1820, of the Annular Eclipse 
of 1836, which he observed at Jedburgh, and the Total 
Eclipse of 1842, with its marvellous revelation of the 
rose-coloured protuberances of the solar atmosphere, 
are among the most interesting and classical of bis 
writings. He promoted greatly the formation and 
publication of accurate Star Catalogues, and be in- 
vented, independently of Bessel, constant oumbers 
for facilitating the ctdeulation of Precession, Nuta- 
tion, and Aberration, as affecting the places of parti- 
cular stars. He also published a most useful collec- 
tion of Astronomical Tables and Formulm, and on 
elaborate and very curious life of Flamsteed. 

I shall now proceed to notice his experiments on (^44.) 
the Pendulum, which are more particularly connected 
with the present section* 

31rBaily’s most important observations were 
a correction of the motion of a pendulum long mis- p«odulom 
understood. The corrections usually admitted were ob^rv*- 
the following:—!. For temperature altering the^«“- 
length of thti pendulum. 2. For the height of the 
station above the level of the sea. Pr Young showed 
that this correction was commonly overrated, owing 
to the sensible amount of tbo attraction of the ele- 
vated laud on which the experiment is made. 3. For 
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the air *0 baojancj. The mere reeistanoe of the air 
to the motion of the pendulum may be shown to pro- 
duce opposite and compcnsatmji: eflccta in the descend- 
ing and ascending semi-Tibrations ; but the presence 
of air, as of any other fluid, diminishes the total ef- 
fect of grarity on the bob, and that in a degree de- 
pending on the density of the air or atmospheric 
pressure. But besides this obvious ” reduction to a 
vacuum,*^ it appears that the air acts also in a dif- 
ferent way. Owing to its inertia and cohesion a 
portion of lur is shored along with the pendulum, 
or otherwise put in motion by it, and tho force 
thus spent in moving air is not compensated during 
RsdoeUon the two somi-vibrations. This efibet was clearly as- 
eertained and measured hy Oubuat about 1736* And 
described in the second edition of his “ Principcs d’Uy- 
draulique but it appears to have been totally un- 
obeerved by his own countrymen and others, who 
(like Borda) were soon after actively engaged with the 
same subject. The eflect was experimentally re-dis- 
covered by Bessel, and made the subject of an admi- 
rable series of experiments by Baily, wliich were pub- 
lished in the Philosophical Transactions for 1832. 
He vibrated pendulnms of different forms in vaevo 
and in air (as Colonel Sabine had done to a more 
limited extent shortly before), and he ascertained the 
corrected reduction to a vacuum*^ to be in many in- 
stances double of the old correction, and to depend 
materially on the form and density of the pendulum. 
It oven appeared that when a convertible pendulum 
is swung in two positions in the manner of Kater, 
tho oorrectiuD is different in the two cases, owing to 
the want of symmetry, so that a pendulum convert- 
ible in air of a given density is not convertible tn va- 
cuo, nor vice versa. 


(1M7.) Bessel and Baily agree m imputing the eflect to 
lovwti- the clinging of a maas of air to tho metallic pendu- 
BmmI aod rendering it in effect a pendulum of much 

oebsr*. density, for which the ordinary correction for 

buoyancy will have to ho increased. This view is 
probably rather a popular than an exact expression of 
the fact, and the correction need not be always pro- 
portional to that of buoyancy. Poisson has treated 
Mr Stokss. the question mathematically, and Professor Stokes 
has roceutly resumed the whole subject, both mathe- 
matically and practically, and considers that he has 
arrived at precise mathematical results in several 
cases. The result may probably be a revival of inte- 
rest in pendulum obeervations, which has manifestly 
very much decUoed since the existence of this irregu- 
larity has been fully established, and tho incompe- 
teocy of existing rules for “ reduction to a vacuum” 


clearly shown. 

( 24 S.) In 1833, Baily deduced from tlie very cleborato 
experiments of Captain Foster in both hemispheres 
^ for the earth’s compression. Colonel Sabine had 

found it from his own observations. Tho French 


and Russian observers concur in obtaining a result 
sensibly greater. Of these experiments, Captain Fos- 


ter’s is by much the most extensive. Mr Baily’s re- Csv#o- 
petition of Cavendish’s experiment for detennioing 
the earth’s density, has been mentioned in a previous 
section. 

In conclusion of the subject of the figure of tho ( 249 .) 
earth deduced from observation. I shall now briefly i 

refer to the results of geodctical measures more re- • 

cent than those noticed in the first section of this — Coloorl 
chapter, wliich comprehended the great French arc. 

In a matter so much of detail, which will bo bet- 
ter appreciated from special articles in the Encyelo- 
pmdia, I shall best fulfil the ends of this discourse, 
by merely directing attention to the two most con- 
spicuous and important of those measurements of 
the earth, one in India, the other in central and 
northern Europe ; the first directed by Colonel Eve- 
rest, the second by M. Steuvb, the eminent astrono- 
mer of Pulkowa. 

The measurement of an arc of the meridian in In- ( 2 S 0 .) 
dia by Colonel Lambton in the early part of this cen- “ 
tury, has been mentioDod in a former part of this rMt a in. 
Dissertation, as well os in Sir John Leslie’s. But its diso mc. 
value has been prodigiously increased by the exten- 
sion of the same by Colonel Everest, who was at one 
time the principal assistant and coadjutor of Colonel 
Lambton. The arc of Lambton, extending from Punnio 
(Lat S'* 9' 35") to Damorgida (Lat. 18'’ 3' was 
measured after the model of the English trigonome- 
trical survey, by means of a 100-feet steel chain for 
the base, a 3-feet theodolite for the asimuths, and a 
6-feet xenith sector for latitudes. Colonel Everest 
pursued the triangulation in a northerly direction for 
some years after the death of I^ombton in 1823; 
but losing his health, and being forced to return to 
Europe, be was provided, by the princely munifioenco 
of the East India Company, with an entirely new sot 
of instruments, and with two able assistants, Ca(>- 
tains Waugh and Rennr. 

He resumed operations in 1632, which were con- 
tinued until 1840, and included an entirely new 
measurement of an arc extending from Damorgida, vbicb It 
where I>»mbton*B arc terminated, to Kaliana (Lat. sie* 
29® 30* 48"), n space of 797 miles, covering an arc *^’***^ 
of 11® 27' 33". Tho latest geodctical improvements 
were introduced. The bases were measured by Ge- 
neral Colby’s compensating bars, in which the effect 
of temperature Is self-corrected. Tho signals from 
station to station wore made during the day by he- 
liotropes reflecting the solar ray parallel to the sides 
of the triangles to be measured. The azimuths were 
determined by a 3-feet theodolite of Troughton, in 
addition to that of Carey used by Lambton; the 
astronomical observations were mode with two circles 
of large dimensions. The difficulties and annoyances 
experienced in conducting so vast a work, requiring 
such excessive accuracy, in so remote a situation, 
can only be judged of by referring to Colonel Eve- 
rest’s graphic details contained in bis elaborate ac- 
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count of it, published at the East India Com]>any*8 
ex{iGnse in 1847. The heats and the rains, the 
dull opake atntosphcre of the Doab, with its bound- 
less and dense] j-woodcd Huts, tlio jungle fever and 
the wild animals, were natural im{>etliments enough. 
But Colonel Everest, whose conscientious anxietj 
reached almost a nervous pitch, seems not to have 
been satisfied with anj one instrument which Uio 
mechanicians of London could produce ; but to 
have metamorphosed most of them, partly with his 
own hands, paillj by native aid. It says much for 
his ability in this respect, that the results appear 
entitled to compete with all the most exquisite of the 
kind in Europe. His bases, for instance, about 7^ 
miles in length, when checked by intermediate trian- 
gulation above 400 miles in extent, dilfcred in one 
instance by 4, in another by 7 inches from tlie pri- 
mary measurement. The whole extent of Lambtou's 
and Colonel Everest’s operations includes a continu- 
ous arc of 21" 2V (1477 miles), by far the greatest 
at that time cxccut^. 

(2^2.) indeed only rivalled in this respect by a vast 

RumUh arc operation very lately executed in llussia and other 
^rave northern countries of Europe, by which an arc of 25® 

”” 20', extending from the banks of the Danube to the 

shores of Uio Arctic Sea, near the North Cape, has 
been measured under the general Bupcrintcndcnco 
and direcdon of that able astronomer M. Struve, 
whose meritorious labours in other departments of 
astronomy will be specified in a succeeding section. 
The results are still incomplete, though the opera- 
tions in the field were happily concluded just in time 
to prevent their total frustradon by the unhappy war 
in which Kussia has since engaged. 

(232.) The arcs of India and of Kussia include a space 
lu exMDt. fpgjjj La(_ (q the exception of only 

about sixtoco degrees, and arc unqoesdonahly the 
most important which exist for the determination of 
the earth's figure. When to them we add the French 
arc of 12^ 22' in a medium ladtudo, it will scarcely 
be necessary to take into account any other, at least 
for the Northern Hemisphere. 

(234.) The following brief details of the Russian arc arc 
taken from the provisional report of M. Struve (1852). 

(945.) >phe southern extremity of the Russo-Scandinavian 
arc is Ismail on the Danube (Lat. 45" 20'), the north- 
iScsDdlos- extremity is Fnglenacs on the island of Qualoe 
viao Arc. in Finnmarken (Lat. 70® dO*). The interval from 
Tomea to Faglenaes (4''49')wos measured by Swedish 
and Norwegian engineers; all the remainder by those 
of Russia, and, in pardcular, by M. Von Tenner, who, 
with M. Struve, has since 1618 directe<l the whole 
operation. The whole line is remarkably free from con- 
siderable inequalities of ground, and from mountain 
ranges, so that local attracdons are probably incou- 
siderabW On the other hand, extensive forests ex- 


tending ovcrdeatl flats have, in the southern part of 
the arc (as in India), occasioned great difficulties, and 
compelled the erection of numerous temporary struc- 
tures to overlook the country. In the north the 
extraonlinary refractions have, as usual, created some 
diiliculties. Ten diOerent base lines, all at a small 
height above the sea, form port of the operations. 

It is a very satisfactory circumstanoe, that ,by the 
care of M. Struve and .^lr Airy, the standoida of 
length used in the Indian and Russian arcs have 
been directly compared. 

The calculation of the figure of the earth from the (256.) 
complotod Russian arc, in combination with others, Cvosral r*- 
has not yet lieen made, but it is believed that 
will indicate on ellipticity somewhat greater than ellipticity 
that generally received. The results obtained by Co- K«>* 
lonel Everest, on the other hand, by comparing his * 
arc with those of Europe, ^ve generally small cllip- 
ticities, that is under The French and Indi^ 

arcs, for instance, give gf Now Mr Airy had de- 
duced 20 years ago from the best existing observa- 
tions ; Bessel, a few years later, obtained the al- 
most identical result of and Schmidt of 
The determinations by means of tbe pendulum arc imd from 
somewhat larger. Tbe extensive observations of Co- pendulom 
lonel Sabine and Captain Foster concur in giving®***®”' 
an ellipticity of ; hut the French experiments by 
Duperrey and Frcycinet lead to a result considerably 
greater. The discrepancy between the gcodcticol and 
pendulum results may of course bo a real one de- 
pending on local variations of dmsity. The astro- 
nomical determination from the lunar inequalities, 
which might be expected to concur with ilio results 
of the pendulum, gives (as wo have seen in the chap- 
ter on Physical Astronomy, Art. 63) at a mean. 

I regret that my limits do not permit me to speak (257.) 
of the measure of degrees of longitude or arcs of pa- 
rallel, as another test of the earth's figure. The re-® 
suits, however, cannot compete in point of certainty 
with those from arcs of the meridian. It may be sa- 
tisfactory to add, that the British arc of parallel from 
Greenwich to Valentia (west coast of Ireland) sen- 
sibly accords with the earth's figure obtained inde- 
pendently. 

In connection with the subject of the pendulnm (258.) 
treated in the earlier port of this section, I shall here Fou- 
mention a very remarkable experimental observation 
communicated to the Paris Academy of Sciences, on porlment. 
the 3d February 1851, by M. L^n Foucault, to 
whom we also owe some ingenious experiments on 
the velocity of light. It is not indeed conocctod with 
the determination of the earth’s figure, but it has a 
connection with astronomy, inasmuch as it aflbnls the 
most remarkable and direct proof of the earth’s rota- 
tion round its axis. 


^ la ladia, on th« oootrary. tbe local attractlooi of tbe Himaleje muet be very Mtuible ; iodeed Mr Pratt bee calcoJated then 
to be *0 coosiderable, ae to have given riee to a eurioui •pecuUtloD by Mr Airy m to tbe circomitoooM which oiay toad to 
dimioiih the attractloo of Biouataia ranges.— (i^Y.7Voiw. 1855.) 
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(SS9.) Suppose a considerable weight suspended by a wire 
dtmmi. of elasticity from a Exed point or stand con- 

^J^^^*nected firmly with the ground; and let us first ima- 
ttUon. poQ the place of the experiment to be exactly om 
the North Pole. Let the wire pendulum be swung 
so as to coincide with the plane of the meridian of 
London. As the earth rotates, the wire and the ball 
must ^ridently rotate too. But the motion of the 
mass originally impressed parallel to a given plane 
will continue in that plane, and consequently the 
plane of motion will coincide in the course of 12 hours 
with every meridian in succession, and the apparent 
rotation will be entirely completed in a uniform man- 
ner in 24 hours. In any other latitude than 00"^, 
but greater than 0*^ a continuous and regular appa- 
rent change of motion must also occur, since a me- 
ridian of the globe does not preserve its parallelism 
during diurnal motion, excepting only at the mjuator; 
consoquontly, at all points of the earth’s surface, ex- 
cept at the equator, the plane of motion of the pendu- 
lum will vary uniformly in acimuth— quicker, how- 
ever, in high than in low latitudes. To find this 
velocity, it is only necessary to decompose the rota- 
tion of the earth round its axis into two, one of which 
(which is alone effective) is round the vertical of the 
place of observation. The apparent angular motion 
u thus proportional to the sine of the angle of lati- 
tude. Thus, in an hour, it is Id*’ x sine lat. 


M. Foucault's erperimont was mode, in the first in- (2G0.) 
stance, with a pendulum of stool nire from *03 to ‘06 ferrectloM 
inch in diameter, bearing a ball of 12 pounds weight, 

It is desirable to make the pendulum vibrato in small 
arcs, in consequence of the tendency to ellipticity in 
the vibrations, which is necessarily accompanied by a 
rotation of the major axis of the ellipse, which m^ht 
easily be mistaken for the iniluenoe of the earth's 
motion. To take account of this clisturbing force, 
we have only to measure accurately the greater and 
loss axes of the ellipse described. Then a revolution 
of the apsides (from this cuiue only) will be per- 
formed in a time which will be found by multiply- 
ing the time of a double vibration of the pendulum 
by 8 temej the square of the length of the pendulum^ 
divide*! by 3 tirn«# the pro>Juct of the two aset of the 
ellipse. This formula is duo to Mr Airy. The theory 
of M. Foucault's beautiful experiment has been 
verified by numerous experiments in different la- 
titudes. 

Very recently the theory of the motion of a pen- (261. > 
dulom suspended by a thread or wire has been con- 
sidcred in the most general manner by M. Hansen, by M. 
the physical astronomer, with reference to the earth's U&omu. 
motion.^ It is an intricate problem of analytical 
mechanics. But the results show, as might have been 
anticipated, that all the sensible results are those which 
the geometrical treatment of the questiou indicate. 


{ 6. M. Encrb. Cometary Astronomy — Periodic Comets of HalUy and Eneke. Gambabt’ 8 ami 
Biela’a Comet — Comets of 1811 and 1843. Mr HlND — iVcio Planets or Asteroids. Mr Las- 
8BLL— iVeto/y discovered Satellites. Mr Bond. 


(363.) pRoressoa Johawm Fraxb Encxe, Director of the 
Praf«Mor Observatory of Berlin, is one of the most eminent 
PwMlc pf'yslcaf <Mid practical astronomers of the present day. 
Cooeu. The author of many valuable observations and im- 
portant memoirs, he is best known by those which 
are connected with the motions and theory of Comets. 
I shall therefore devote this section to on abstract of 
the progress of this interesting snhjcct, and more 
particularly of M, Encko's discoveries and specula- 
tions. I must premise, however, that, easy and 
agreeable as it would bo to introduce here a detaile<l 
essay on Cometary Astronomy, the design and extent 
of this discourse alike forbid it, and at the cost of 
some self-denial, I will endeavour to confine myself 
entirely to what is most new and characteristic in the 
Cometary history of later years. 

(363.) JI<dley*s Comet.— Before proceeding to describe 
the remarkable comet especially connoclod with the 
yg name of Encxx, it will be proper to resume the his- 
Tsan. tory of Halley's Comet where it has been left off by 
Sir John Leslie in bis Dissertation. That Comet-- 
the comot of 1682— must ever remain memorable, 
perhaps the most so of its class, as being the first 


whose return was coufidently predicted, in firm reli- 
ance on the Newtonian Theory of Gravity. Halley’s 
announcement— grounded not on vague analogies, 
hut on laborious computations — that it would reap- 
pear early in 1769, was realized almost to the letter; Its rstora 
and Clairaut, whose surprising analytical ability often 
loft but little to his successors to accomplish, calcu- 
lated the perturbations with an accuracy which even 
the present state of physical astronomy has hardly 
exoe^ed. Indeed no general method fur calculating 
perturbations in highly elliptic orbits is as yet in use, 
and though the methods of Clairaut have b^n super- 
seded by those of Lagrange and Bessel and Lever- 
rier, the summation of the effects by the method of 
** quadratures" is always used, — the periodic time of 
the comot being divided into short intervals through- 
out which the elements are considered invariable, and 
during which the configurations and perturbing effects 
of the principal planets are ocMii|]utod with much 
labour. 

The chief improvement in the calculation of per- (264.) 
turhations is the introduction by Lagrange of the cele- 
brated method of the Variation of the elements (44.) 


1 Theoris dsr P«od«Ib«wtgttog. DuiUig, 1863. 
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lu perur* His BucoMsors hftTo dUtinguishod themftolre« chiefly 
^e^tod praiseworthy minuteness and extent of their 

by rsrloQs calculations, which are amongst the most laborious, 
Mtrooo- if not indeed the most laborious, which occur in Phy> 
sical Astronomy. The computers who calculate 
the return of Hatley’s Comet in 1835 were four in 
number, MM. Damoiseau, Ponteooulant, Lehmann, 
and Rosenberger. Their memoirs are all considered 
by competent judges to be ezeoUent, but especially 
tl^t of Rosenberger, who calculated more fully than 
the others the perturbations from 1682 to 1759, and 
who has introduced a theoretical correction of some 
importance. Some idea of the extent of those calcu« 
lations may be formed from tho fact, that in some 
parts of the orbit the Elements were made to rary 
for tnterrals of only two days. The Comet of Halley 
was rediseovered at Rome on the 6th August 1835, 
in the Jesuits' College. The error of Rosenbor- 
geris Ephemeris was only nuaKtes of arc, and 
the perihelion passage took place on the 16th No* 
Tembcr (civil reckoning), five ^ys afttr the predicted 
dme. Bessel states the remarkable tliat the coin- 
cidence of the comet's path with the results of previous 
calculation is as close as the use of five*place loga- 
rithms in computing the perturbations would permit. 
All this is very creditable to the state of Astronomy ; 
still it is infinitely lew remarkable than Ctairaui's 
approximation, only a little less close, made 77 years 
before. It is a matter of regret that neither in the 
matter of this comet, nor in any other point of theory 
connected with Cometary movementa, have our coun- 
trymen made any oonsidmble advance since the time 
of Halley. 

^ ( 26 S.) At its return in 1835, this Comet was watched 
ia until May 1836, and in the course of its long visibi- 

lity was made the subject of minute and a^irable 
telescopic researches, by Bessel in Europe, and by 
Sir John Herschel at the Cape of Good Hope. Their 
obeervations strictly confirmed a remark of M. Valz, 
that tho Tails of Comets, though evidently generated 
under the inflaence of the neighbourhood of the Son, 
yet commonly disappear at the period of closest ap- 
proach. This, at least, was tho case with Halley's 
Comet. The tail began to grow on tho 2d October, 
two months after its discovery, and diminished after 
the 15th (a month before p^ihelion). The cometre- 
appeared in the end of January without any vestige of 
a tail, and then dilated in absolute bulk with in- 
credible quieknOM. But before its final disappear- 
ance, on the 6th May, the tail is supposed to have 
Its peculiar been reabsorbed into the nucleus, which presented 
featurea ^ uniform circolar outline. Tho evolution of 

Uie highly-expansible luminous matter of the tail 
took place from the nucleus in luminous fan-liko 
Erected on the whole towards the Sun, and 
issning on the side of the Comet exposed to that 
body. The jets had a vibratory motion. The tail 


(directed from the Sun) was formed by the abrupt 
inflexion of these efiluent jets, in a manner resem- 
bling electrical repulsion; and Sir John Herschel has 
not hesitated to ascribe the phenomenon to the com- 
bination of a repulsive force as respects tho Sun, 
(”of an energy very far exceeding tho gravitating force 
towards that luminary") with “ a peculiar and highly 
cuergctic attraction to the nurieus, differing from, 
and exceptional to, the ordinary power of gravita- 
tion.”^ The opinion that polar forces resembling 
magnetism or electricity are necessary to explain the 
phenomena of Comets, has been for some time cur- 
rent in Germany, and received, I believe, the coun- 
tenance of Bessel. That there exist in the movements 
of these bodies anomalies so great as to render the 
sufficiency and completeness of tho Theory of Gravity 
suspected by such high authorities, makes the state- 
ment of them very important, though I confess a 
great reluctance to share in tho conclusion. 

I shall terminate this notice of Halley's Comet 
with a table of the dates of its probable perihelion 
passages, according to M. Laugier and Mr Hiad.2 
The earlier appearances are deduced from the Chinese 


Annals:— 


Oat* latarral. 

Dau. fatarraL 

B. 0. It'SO Tmts. 

Taara. 

77-87 

77-45 

A.O. 66-07 

A.D. 969-70 

76-17 

7655 

U1 24 

1066-25 

77-Oa 

79-05 

918-26 

1145-30 

76-89 

78-22 

296-85 

1223 52 

70-59 

78-29 

373-84 

1301-81 

77-66 

77-04 

451-50 

1378-85 

79-34 

77-59 

630-64 

1456 44 

n-96 

76-21 

608-80 

1531-65(0. 8.) 

7600 

7614 

684-80 

1607-62 (w.B.) 

75-84 

74-88 

760*44 

1682-70 

7682 

76-49 

837-96 

1759-19 

7499 

76-68 

91225 

1835 87 


The diffisrenoM in the above periods are attributed to 
the effects of perturbation. The extreme distance of 
the Comet's path from the Sun is 35^ times the ra- 
dius of the Earth's orbit, which is only one-sixth part 
greater than the distance of Neptune, and therefore 
nearly within the recognised limits of the planetary 
system. 

Comet of Eneke.—'Sext in interest to the Comet ^ (^7.) 
of Halley is that discovered by Pons of Marseilles 
in November 1819, which was first suspected, then 
proved by Professor Encke, to revolve in an elliptic 
orbit of short period (considerably interior, in not. 


* Sm John Uertcberi OittUma o/ AMnmsmy, and Buulu oj 06MmMt»«w M lA« Cop* «/ OmhI Uopt, 

* Tskeu from Mr BiAd's small work oo ComeU. 
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(269.) 

M. Kocke's 
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UD til* 
COOirt of 

1819-po. 
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to tho orbic of Jupiter), and inado the subject bj 
him of a series of investijratioas altogether peculiar. 
On this account it l>ears the name of Encke, instead 
of that of its discoverer Poos, although M. Encko 
himself, with unaiTccted modesty, always describes it 
as the Comet of Pons. 

Newton gave, in the Pnneipia, his celebrated so- 
lution of the problem of determining a Comet’s orbit 
assumed to bo parabolic, from three geocentric places. 
This solution has been BimpUlied and improved by 
Lagrange and Bosoovich, and also by Gibers. La- 
place gave a meth(xi for an elliptic orbit, which may 
represent any number of observations. Gauss, in 
his Theoria MotAs Corporum CeUatiitm, treated the 
siiitject with great skill and generality. I am unable 
to state who tlrst attempted to iliscriminate an ellip- 
tic from a parabolic oometary orbit, or to determine 
the period in the former from observations at one ap> 
parition only. It is evident that such outstanding 
dilTcrencits as are irreconcilable with a parabolic 
orbit, will be most perceptible in tho case of comets 
whoso orbits have a tolerably short major axis, or 
whose period is not very great, and will bo mate- 
rially increased by watching a comet through a con- 
siderable part of its orbit, which the assiduous appli- 
cation of telescopes to every part of the heavens has 
of late years rendered much more frequent than for- 
merly. Amongst others, Bessel, who has signalizcil 
himself by a capital performance in this, as in every 
other department of Astronomy, applied rigorous me- 
thods to determine the orbits of the comets of 18 07 and 
1815 ; tho latter of which will very probably return 
to its perihelion in 1887< It is nndeniable, however, 
that expert calculators have often been deceived in 
assigning orbits, even when believed to be of short 
period, founded upon a single apparition. 

M. Encko, however, was more fortunate in the case 
of the 6rst comet of 1811). Using the methods of 
Gauss, he showed that an Elliptic Orbit of about 3^ 
years must be admitted, and that the comet had pro- 
liably l)cen already observed in 1786, by M6chain, in 
1795 by Miss Iterschel,^ and in 1805 by Pons. He 
investigated with great labour (be cfiects of the planet- 
ary perturbations on this body, which, in the case of 
Jupiter, are occasionally very large, if that planet be 
in the part of its orbit near the aphelion position of 
tho comet, when it approaches tho orbit of Jupiter. 
The careful calculations of M. Encko for the next re- 
turn in 1622 were vcriBcd by the observations of Sir 
Thomas Brisbane, at that time fortunately governor 
of New South Wales, where he had, with character- 
istic liberality, founded an Oltscrvatory. Since then, 
this body, insigniheant in its physical appearance 
(being to all appearance a small cloud of vapour 
without a solid nucleus), has been detected in one or 


another part of the world *tt revolution : — 

namely, in 1825, 1828, 1832, 1835, 1838, 1842,1“ ‘PP»- 
1845, 1848, and 1852; so that tho Comet has been”*^®*^ 
observed at fourteen (not all consecutive) returns. 

Tho oomnlete establishment of the existence and i>o> (^9.) 
riodicity of a comet, quite in the interior of the planet- 
tiTj system (its greatest distance from the Sun being tioa 
four times the E^th's distance, and its least distance 
but ono-third of the Earth’s), was a discovery in itself 
highly interesting. But something yet remained be- 
hind. Professor Encke, in comparing the earlier with 
the later apparitions of the Comet, detected a gradual 
aecelcratiuQ of its movement, which amounted be- 
tween 1786 and 1 836, to 1 *8 days, on a period of about 
1211 days; being about 2]|- hours per revolution. 
Whatever may be tbc cause of this, the /act is undis- 
puted, even by Bessel, who was imlisposod to accept 
M.Encko’s explanation. This fact, it will be observed, 
is unique in Astronomy. The major axis and periodic 
times of the planets and satellites have, as we have 
seen in the chapter on Physical Astronomy, no secu- 
lar variation. Tbc moon’s apparent acceleration has 
been otherwise occuunttMl for. 31. Encko at once, sttHboted 
and at an early period, attributed the acceleration of 
the Comet’s mean motion to the effect of a slightly^llua. 
resisting medium, insensible in the case of the planets, 
partly owing to their incomparably greater density (for 
this Comet appears to bo one of tho most loosely ag- 
gr^ated bodies known, l»eing transparent to its very 
centre); and also, to the circumstance, that the density 
of tho ether or resisting medium is assumed to dimi- 
nish rapidly at a distance from tho Sun. M. Encke 
supposes it to decrease in density vriih the square of 
the distance, and only to affect the Comet sensibly 
within 25 days preceding or following its perihelion. 

That the efToct of resistance is to accelerate the return 
of the Comet is evident, by considering that the pro- 
jectile force becoming gr^ually extinguished, tho 
Sun’s attraction must be more available to pull the 
body inwarvls at each revolution, thus shortening the 
major axis of the ellipse, and diminisliing the time. 

In order satisfactorily to arrive at any such con- (^5 
elusion, it was of course necessary to estimate with 
great accuracy tho perturbing effects of the planets Koike’s 
on tho Comet's motion; and it is not a little curious com*< ap- 
and satisfactory, that the movomonta of this insigni- 
Bcant erratic body should have occosioncxl a 
rial rectification of the masses of two of tho Planets. Mercury 
M. Encke very early suspected that the received *“<1 J“pl- 
mass of Jupiter was too small, a fact clearly esta- 
blished afterwards by Mr Airy ; and in 1838 M. Encke 
allowed that the mass of 31ercury (which, not having 
a satellite, was little more than guessed at previously) 
had been assumed nearly three times too great by 
grange. The perihelion effthe Comet approaches mud) 


Mim Qmtx^ ^ Csrolia* Lnervlis Herscb*!, liitOT of Kir Willism and aant of Kir John Horachcl, detervos s psMing notice, not only m ths 
■in* U«r- iede^ndvat dbeovtrer of oom«U (of which fiv* w«r« firvt by bor), bot *■ the iodefkiigahle and intelligent aMietant of 
Sir w illiam Hcrtch*! daring tba buiaaC yean of hie life. For tbia aervice King Gf^wgr UI., earryiag oot hia juaieiooa Uberalliy 
to bar brother, granted her s amall pension. Bha died at Hanorer 9th January 1848, aged 97. 
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more nenrly to the orbit of Merenrv than the apholion 
does to that of Jupiter; consequently at times the 
perturbations due to tbe former planet maj he very 
j^reat, and thou^tl^ the gravitating mass of the Comet 
is ntteriy unknown, jet since the momentary direc- 
tion of its motion depends solely on the ratio of the 
attractive force of the Sun and Mercury, its observed 
course gives the menns of estimating that ratio.* 

(S72.) The theory of a resisting medium was, on the whole, 
Th«ury of ^ell received, especially in England, where some of 
first authorities gave it their adhesion. The then 
altogfthnr recent establishroent of the Undulatory Theory of 
fovoarably Light, was thought by many to reocivc a confirmation 
”**^’'**^‘ from this evidence of something material filling the 
planetary spaces. In Germany the hypothesis of ro* 
sistance received the complete opposition of Bessel’s 
high authority ; who declared that ** a hundred other 
reasons" might be found for the fact of the accelcnw 
lion, w^deh he admita to be true. Encke, in reply, 
reduces these 100 possible hypotheses to /our, of which 
we shall mention only one, as seemingly important, 
namely, the forces exerted with so muck intensity 
' within the body of the Comet itself, as indicated by 
the projection of the tail. But he observes, with great 
sagacity, that these forces, being apparently usually 
excited in the line of tbe radius-vector joining the 
Comet and the Sun, can hardly bo suppo:^ to affect 
Utc periodic time. It having also )»oen objected that 
Halley’s Comet shows no traoe of acceleration, but, if 
anything, of the reverse, M. Encke truly says, tlmt 
its perihelion distance does not lie within the assumed 
limiU of the denser ether. 

(S73.) Nevertheless, the theory of a resisting medium in 
ssd atilt space is not |ierhsps very popular, except in England. 
qoMdooed. Although M. de Humboldt appears to favour it, I 
understand that the German astrouomers in general 
scarcely regard it os in any degree proved. 

(274.) Vet, if not true, the cardinal fact remains unex- 
plained. The anomalous phenomena of the Tails of 
Comets, considered by Herschel to be altogether inex- 
plicable by the law of gravity, demand the closest 
scrutiny ; and one can hardly help supposing that 
the two difficulties may be in close counectioo. As 
the Newtonian law is now considered (since the dis- 
covery of Neptune, and the latest corrections of the 
Lunar Taldos) to be abaolutely auficient to account 
for ever^-thing connected with planetary motion, the 
Astronomy of Comets will be looked to with increas- 
ing interest, as likely to reveal some laws of nature 
not otherwise to be detected. In this respect. Pro- 
fessor Eocke’s labours are likely to be more and more 
important in their results. 

(S7S.) With reference to this very eminent astronomer, 

u. l-inckft have only to add, that ho has for a great many 

UUom!^ years botm at the heiul of the Obeervatory at Berlin, 
and in that capacity has published an Astronomical 
Ephemeris of fireUnite excellence. It is os a phy- 


sical astronomer, however, that he will be principally 
remembered. Besides his admirable investigations 
connected with the Comet, he improved the theory of 
Vesta, and has very lately published a new Method 
of Computing Perturbations, especially for orbits con- 
siderably elliptical. Neptune was discovered at his 
Obeervatory, by the assistant astronomer, M.Galle. 

Gambart'a and Bielaa Comet . — Je.i.v Gambart, (376.) 
one of the most promising astronomers in France, died t 

of consumption at a comparatively early age, 1 bdieve * * 

in 1836. He was director of the Ubserratory at Mar- 
seilles, which, notwithstanding its very unfavourable 
position in the midst of the town, has acquired con- 
siderable celebrity as regards the discovery and obser- 
vation of Comets. Pons, by whom Encke’s Comet was 
found, both in 1806 and 1818, conducted the Ob- 
servatory ; but its mounting was as bod as its situa- 
tion, and Pons used despairingly to describe his tele- 
scope as rather paralytic than parallactic. To this 
crippled establishment M. Gambart succeeded, and by 
his skill in managing hit defective instmments, and 
by his patience in sweeping for Comets, he discovered 
ax»d suteequently computed the orbits of a number of 
these bodies between 1822 and the jieriod of his death. 

Gambart was highly esteemed, both by French and 
foreign Astronomers. Pons also deserves great credit 
for hia extraordinary diligence in the discovery of 
Comets, and M. Valx, who still directs the Obser- 
vatory of Marseilles has cultivated this and other 
branches of the science with success. 

Gambart s most remarkable discovery was tbe po- (277.) 
riodicity of the first Comet of 1626, having detected Periodicity 
that body independently at Marseilles, though it had years 
been observed some days previously in Bohemia, by 
Bicla, an officer in the Austrian service. It is most 
usually calk'd Biela’s Comet, though it might with 
equal right bo termed Gambart's, who assigned its 
path and predicted its return. Clausen, about the 
same time with Gambart, assigned it a period of about 
7 years ; and it was identified with former appear- 
ances in 1772 and 1805>6. Its period thus appeared 
to be 2460 days, or 6} years ; its aphelion is a Utile 
exterior to Jupiter’s orbit, and its perihelion is not 
much witliin the Earth’s. This Comet’s orbit very 
nearly intersects in one place the orbit of the Earth, 
so that had the earth ^en one month forwarder in 
its annual course in 1632, a collision would have 
taken place, or at least the Earth would have been 
enveloped in a cometary haze ; for it is difficult to 
imagine a coUiaion with a body whose tenuity is so 
excessive, that Sir John Herschel perceived through 
its entire thickness (estimated at 60,000 miles) stars 
of the most excessive minuteness (16th or 17th mag- 
nitude) as seen by his 20-fcet reflector. It is on in- 
teresting circumstance, that the first predicted peri- 
bclion passage, in 1832, took place within aome houra 
of tbe time fixed by MM. Sontini and Damoiseau» 


* On Um Usmss sod OeuslUes of Um PUosts, m« iiUacko io Attnm. J^MhricKun, voL six., col. 167. 
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though tho porturliationa of Jupiter were, aa uiual, 

Bie1a*s Comet has Ijeen since rcco^ised in 1846 
and 1852, but it was not seen in 1839. It does not 
appear to be admitted that it shows any acceleration 
due to a resisting modium. lU perihelion diatonco 
is, however, consitlerable. 

At the apparition of 1846 an extraordinary cir- 
cumstance occurred. When discovered in the end 
of November 1845 it appcare<l round and single. 
On the 19th December it was observed by Mr Hind 
to be elongated, and ten days later was seen in Ame- 
rica (and soon after at Cambridge and elsewhere) to 
have divhlcd into two seemingly distinct nebulous 
parts.^ Those continued to subsist and move inde- 
pendently throughout tho remainder of tho appari- 
tion : the real distance of the centres being about 
150,000 English miles. In 1852 the comet was 
rediscovered at Rome; the division into two still 
subsisting, but tho intorval of separation being in- 
creased about eight-fold. 

Besides the comets of Encke and Bicla, there are 
several others which are suspected on good grounds 
to have periods of from 5^ to 7^ J^ars, their aphelia 
all lying in tolerable proximity to the orbit of Ju- 
piter. But among these the return of only one has 
yet been verified by observation ; namely, the comet 
of Faye, which, after passing its perihelion 17th 
October 1843, returned to it 3d April 1851, within 
an hour of the time predicted by M. Leverrier. The 
motion of comets of short peric^ seems to be inva- 
riably dxrtct or conformable to that of tho planets. 
Tho inclination of their orbits to the Ecliptic is 
usually moderate. 

Great Corner# of 1811 onfll 1843. — The finest 
comets of the last hundred years were those of 1811 
and 1843. The former was observed for a length of 
tiros altogether unusual, having been visible from 
March 1611 to August 1812. There is pretty good 
reason to think that its period is not much less than 
3000 years. The comet of 1843 was even more 
splendid, but its flight was more rapid, and it was 
not favourably seen in northern latitudes. It was 
visible at many places in broad daylight when less 
than Af from the Sun, and at one time a tail 65° in 
length could be trace<l. The circumstance which 
distinguishes this comet from all others which have 
been computed is tho smallness of its perihelion dis- 
tance, which was only vJq of the radius of tho Earth's 
orbit, or the comet apfvoached the Sun’s body within 
one-seveatA of his radius. The solar disk then sul^ 
tended an angle at the comet of 1211^, or the glare 
was equal to that of 47,000 sons as seen by us ! 
The heat to which the comet was exposed is supposed 


to have exceeded 24 times that concentrated by our 
most powerful burning-glasses by which even r»x-k 
crystal has been fused.* 


Mr IltNO . — Discovtry of New Planets , — We have 


(282.) 

spoken in a former section (161), of the discovery of Dl*covefy 
four small planets or asteroids ^tween the orbits of«f 
Mars and Jupiter. They were found l>ctvfe<m tho years ^ 
1801 and 1807. An interval of nearly forty years *** 
elapse<l without any addition to the memlicrs of our 
system. In 1845 a new asteroid, Astnea, was found 
by M. ITenckc; the following year was distinguished 
by the discovery of Neptune under unporallclcHl cir- 
cumstances ; and since 1847 every year, down to the 
present time (1855), has added to our knowledge of 
the group of asteroids. 

Among the discoverers of these planetary bodies 
Air Hind has Wn dibtiuguishod by frequent success, 
under circumstances which appeared by no means 
peculiarly advantageous. This indefatigable ob«er- 
ver and computer commenced (1 believe) his astrono- 
mical career as one of the assistants at Greenwich, 
and afterwards had the sole charge of the private ob- 
servatory of Mr Bishop, a wealthy citizen of Londun, 
together with the use of a fine refractor cf{uatorcal)y 
mounted. It is within the Regent’s Park, close to 
the smoke of the metropolis, that Mr Hind has dis- 
covered a larger number of planetary bodies than 
any other person living. Next to him M. dc Gas- 
pans of Naples has been most successful. Unques- 
tionably the impulse towanU these new discoveries 
has been given by the indefatigable industry of astro- 
nomers (principally those of Germany), in constructing 
minutely accurate star-maps. Mr Hind is also advan- 
tageously known by the discovery of several comets, 
and by his ingenious observations in sidereal astro- 
nomy, especially on variable stars. I shall here 
give a table of the asteroids in tho order of discovery 

as at present known (July 1655). 

^ \ / Lift of the 

Asteroids. 


1 C«r«a 

1801 Jan. 1 

Plaxsi. 

2 PaUai 

1802 March 28 

Olbera. 

3 Judo 

1804 Sept. 1 

Harding. 

4 Veata 

1607 March 29 

Olbara. 

6 Astm 

1845 I>ac. 8 

Ileneka. 

6 Hcba 

1847 July 1 

Hencka. 

7 Ins 

Aug. 13 

Hind. 

8 Flora 

Oct. 18 

Bind. 

9 Matis 

1848 April 26 

Orahaoi. 

10 UjRcia 

1849 AprU 12 

Da Oasparia. 

n Parthrnope 

1850 May 11 

Pc Gasparis. 

12 Victoria 

8apU 13 

ITlDd. 

13 Egaria 

Nov. 2 

Da Gasparia. 

14 Irena 

1851 May 19 

Hind. 

15 Eunmnla 

July 29 

Da OMparta. 

16 Psych# 

1862 March 17 

l>a Gasparis. 

17 Thatis 

April 17 

Lathar. 

18 MelpoenaQO 

June 24 

Hind. 

19 Fortuaa 

Aog. 22 

Hind. 


4 A ■inailar pbenomsoon is reUted bj 6ea«ca. 8«« 0 rut’s Hitxerry 9 / Artr«m>omf, p. 302. 

* Sc« muy other iDterotiBe portieuten of this oomci in air J. Uerschrl's Ow(/hMv of Artronomy, arts. 689, Ac. Sso also In* 
terasUnff dateils 00 tb* sobjact of comats gacarally in Ur Hind'a and Mr Uiloe's works 00 ootatU, and in Mr Orant’a azcallant 
Biitory of Phy$ital Agronomy. 
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!D MuiUli 
SI Luteiia 
SS ('klUop* 

23 Tb»lU 

24 Themi* 

25 Pboem 

26 rrowrpiDV 

27 Eat«rpe 

28 B«11 od« 

82 Ampbitrite 
SO Unai* 

31 KupbroMjne 

32 PomoQ* 

33 PolybyTDDi* 

34 Cim 

35 Leucothtta 


1852 8«pl.l2 
Kuv. 15 
Var. 16 

n«c. 15 

1853 AprU S 
April € 
May 5 

Nov. 8 

1854 March 1 
March I 
July 22 
Sept. 1 
Oct. 26 
Oct. 28 

1855 April 6 
AprU 12 


Dc Oasparla. 
Goldacbaidt. 

liiod. 

Hind. 

Pe Oaeparii. 
Ch acorn ac. 
Lather. 

Hind. 

Lutb<^, 

Martb. 

Hind. 

PergusoD. 

Goldachmidt. 

Cbacomac. 

Chacomac, 

Luther. 


(284.) Mr Lassell. — New Secondary Planets. — Mr Las- 
sell of Liverpool deaervea a more lengthened iio- 
r^at^ tico than our limita will permit, not only as a dis> 
Ur LaMclI. tinguished discoverer, but os one whose succ^s can* 
not be too widely made known as an encouragement 
to others. This gentleman, engaged in mercantile 
pursuits in an eminently commercial town, possessing 
little leisure and no enormous fortune, has contrived, 
in the intervals of business, to construct with his own 
hands telescopes which in accuracy of detinition ap- 
pear to rival any which art stimulated by national 
liberality has yet constructed elsewhere, and to use 
them with a degree of skill and success which has 
not been cxceede<l (nor in some respects equalled) 
by any astronomer whether professional or otherwise. 
I speak, let it be observed, of accuracy of definidon, 
such as is necessary to display minute points of 
light, like the satellitca of Uranus. In rcs|>oct of 
the amount of t//umtnation requisite for the display 
of many diffuse faint objects among the nebula*, the 
gigantic telescopes of Ucrschcl and Lord Rosso are 
of course superior. 

( 288 ) Lassei's observatory near Liverpool was erected 

Blalattni* in 1840. The principal instrument is a reflecting 
Bsou. telescope of 24 inches aperture (completed, however, 
only some years later), mounted equatoreally, an ar- 
rangement requiring great mechanical skill, but. as 
the results show, most effectually accomplished. The 
speculum was worked and polished by machiuery con* 
structed by Mr Kasmyth, but principally devUed by 
Mr Lassell, after be had examined and tried Lord 
Rossc's method. I should think it must be admitted 
to be the most perfect optical work of its kind ever 
made: for I believe there is no test object in existence 
which Mr Lassell has not seen with it; in fact ho 
has discovered the most delicate tests himself, — the 
6th star of the group 4 Ononis (though not /rst seen 
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by him), a satellite of Keptnne, an eighth satellite of 
Saturn, and S4>veral sat4.‘llite9 of Urauus. 

Not many days had elapsed after the discovery of ( 186 .) 
Neptune, bc-fore Mr Lassell. directing his telescope H« di»co- 
to it. perceived a satellite (os he believed) on 
10, 1846. The discovery was fully made out in the N«pt(u», 
following year, and was soon after veriBed by the 
great refractors of Pulkowa and Western Cambridge 
(U.S.) Its period is about 5*879 days,* and its dis- 
covery was of singular importance as leading to a 
know ledge of the mass of the planet. 

Till 1848 only se>*en satellites of Saturn were ad- (287 ) 
mitte«L The two closest to the planet were detected end oo« o/ 
by Sir William Herschel in 1789, and have been®*"*’’®' 
seen by wry few astronomers since. During five 
years' residence at the Cape, Sir John Ilorsichel never 
but once obtained even a doubtful glimpse of the 
closest with an 18-inch mirror. The third, fourth, 
and fifth were discovere<l by Cassini in 1684; the 
sixth and most conspicuous by Uuygons in 1654 : the 
outermost by (^ssinl in 1671. To these an eiyfuh 
satellite, intermediate in position between the two 
last, was added hy Mr Lassell on tlie 19th September 
1848. By a singular coincidence, it was recognised 
as a satellite the very to>ne enentn^ by Mr Bond of 
C^ambridge (in America) with tho great Munich re- 
fractor. The new body was calleil Jlypcrion, in con- 
formity with Sir John HerschePs suggestion of disiin- 
gnishing tho satellites os well as the planets by mytho- 
logical names. On the 2’2d November 1850 Mr Los- 
sell saw at once Saturn with bis whole train of eight 
sateUites— a glorious spectacle prol»ablyenjoyed by no 
other astronomer. In the same month of November Kaiot ring 
Mr Bond discovered a faint or dusky ring of Saturn Saturn 
interior to tho two long known. It is probably no- 
buloms, for by Mr liassell's observations and Mri^od. 
Jacob's it appears to lie transparent. 

Sir William Herschcl thought that he recognised ( 288 .) 
six satellites of Uranus. The second and fourth 
his table have l>een observed hy several astronomers, 
particularly Sir John Hcrschel and M. Lament. 

Their perils are 8*^ 17** and 13* IIK To these Mr 
Lassell, aided by the fine climate of 3Ialta (to which 
for two seasons he removed his telescope), has con- 
clusively added two 'more ; one, appearing to coin- 
cide with the closest of Ilerschel’s, of which the 
period is 4* 3^ 28°*, and one still nearer the planet 
revolving in 2* 12*" 29*, the shortest orbital revolu- 
tion in tho solar system. Mr Lassell doubts se- 
rionsly the existence of any other satellite.’ 


* FroD Mr LssnU's obsvrvsUoas at Malu, 1852-3. 


* See Aitron. Sockty's AVfkv*, xiii. 151 ; and xiv. 133. 
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§ 6. Sidereal Aitronomy since 1820.— M. Struve— ilowiid Stars. Observatories of Dorpai and 
Pulkoufa. Sir Jons Hersghkl — Orbits of Double Stars. Magnitudes of Stars. Variable 
Stars. Earl op Rossk — His Telescopes. Nebutce. Hbsderros and Bessel — Parallax of 
Stars. 


As it is absolutely necessary to bring this chapter 
to a speedy cl<Me, and as I hare already anticipated, 
in the account of Sir William Ilerschel*s discoveries, 
part of what relates to the recent history of the As> 
tronomy of the Fixed Stars, particularly the ** Con- 
stitution of the Heavens,** and the motion of our 
system in space, I shall condense within brief com- 
pass a few leading facts connected, in the first place, 
with the Orbits of Double Stars, the Brightness of 
Stars, and the constitution of Nebuhe, and these sub- 
jects I shall connect with the names of the older M. 
Struve, Sir John Herschel,and Lord Rosso; the second 
topic shall be the Parallax and distance of the fixed 
stars, as ascertained more particularly by the late 
prof^sors Henderson and Bessel. 

FaiBDaiCH Gborq Wilhelm Struvx has boon the 
most assiduous observer of double stars since the time 
of Sir William Herschel. No discovery in this de- 
partment con for a moment eompcie with the great 
one of the orbital revolution of one star round an- 
other. But M. Struve, by devoting his chief energies 
during the most active years of his life, since 1813, 
to the assiduous continuation of Uerschel's observa- 
tions, has added tmmetisclj to our knowledge of these 
systems, and has earned the reputation of one of the 
most skilful of modem practical astronomers. His 
most elaborate observations were made at the Rus- 
sian Observatory at Dorpat, with a noble refractor by 
Fraunhofer, nearly 10 inches aperture, and 13^ feet 
in focal length. He has published three works on tho 
subject of double stars, one in 1824, one in 1837» 
and one in 1852, besides minor papers. Tho second 
of tliese works contains the particulars of about 3000 
double stars, deduced from a surrey of the heavens, 
in which at least 120,000 stars were examined. 

M. Struve’s papers are distinguished by the ela- 
boration of the reactions, and of the sta^tical re- 
sults deduced from them. In his last publication ho 
has made an interesting estimate of tho number of 
true double stars in the heavens, which, it appears, 
is much greater in proportion to the whole number 
than is usually believed. But it is first necessary to 
distinguish those which are physically double from 
those which are merely apparently or optically so. 
Tlin criteria on which he principally depends ar^- 
(1.) the fact of observed orbital revolution ; but as 
this is established in comparatively few instances, ho 
very reasonably admits (2.) a common proper motion 
of the two components as a proof of their connection. 
He thus finds the evidence for physical duplicity to 
be mnch stronger for the closer doable stars, and also 
for brighter or nearer stars, as compared with those of 
less magnitude. On tho whole he concludes, that of 


1973doublo stars, 1702, or six-sevenths of the whole, 
are physically connected, and that, amongst at least 
the brighter stars, the niiml>er of compound systems 
is to that of isolated stars in a ratio not loss than 1 
to 3, perhaps even 1 to 2. 

31. Struve has also determined with extreme care (292.) 
the places and proper motions of the double stars 
and he has formed a decide^l opinion, that the proper 
fnotiorw diminish on the whole regularly with the order 
of magnitude, — thus coufimiing the criterion of in- 
creased distance from diminisliod brilliancy, by that 
of the apparent displacement of the stars by tho mo- 
tion of our system. 

Besides these important works on Sidereal Astro- (293.) 
noray, M. Struve is well known as the head and di- **** 

rector of perhaps the best organized observatory in ^ 
the world, that of Pulkowa near St Petersburg, of l*UlkowA. 
which he has published a very interesting descrip- 
tion. Besides other noble instruments, it contains 
the finest refractor in Europe, that byMerz, 15 inches 
in diameter, and 22 foot focal Icngtli. The oliservo- 
tioDS with this noble telescope are chiefly made by his 
son M. Otto Struve, the author of many good papers. 

Wo have seen in a former section (252), that we owe 
in great part to 31. Struve the conduct of the most 
extensive trigonometrical operation over undertaken. 

Sir John Fredsricr William Herschel, son of ( 294 .) 
Sir William Herschel, whilst conversant with almost^'f 
cverv branch of sdenoc, has devoted himself with re- 
markable success to the cullivatiou of Sidereal As-„ic«;(^ 
tronomy. “ Bearing a name honoured and revered reer. 
by all, his career at Cambridge reflected upon it fresh 
lustre ; the variety and extent of his acquirements 
gave him a reputation amongst his college contem- 
poraries, afrerwards fully coiifinncd by the not more 
impartial voice of mankind at large.” He was senior 
wrangler in 1813. *' Since that time he has been 
indefatigable as an author : — first, in systematizing 
tho higher mathematics, and in forwarding their study 
in his own university afrerwards by treatises con- 
tributed to tho Encgelop^ia Metropolitana on Sound, 

Light, and Physical Astronomy, which still rank 
among the clearest, completcst, and most philoso- 
phical in our language. About the same time he 
wrote experimental essays on diflerent branches of 
Chemistry, Magnetism, and Optics, and commenced 
his pnrely astronomical investigations, chiefly on 
nebulcD and double stars, partly in conjunction with 
Sir James South, of which the details are given in 
different volumes of the Astronomical, and of the 
Royal Society's Transactions. These mumulrs collec- 
tively include a complete revision of the objects of 
the same description catalogued and classified by Sir 
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William Herschel.” ^ But the most conaidcrablo 
momunent to Sir John Herschcl's love of scieoco is 
the record of his four yc&n' labours fur the advance- 
ment of Sidereal Aatronom)^ at the Cape of Good 
Hope, where he applied his father's methods of ob- 
servation to the southern hemisphere. His 
of Astronomical Observation^^ which fill a larpe quarto 
volume, and which include ** the completion of a 
Telescopic Survey of the visible Ucavens, commenced 
in 1825,” form one of the most con.sidcrablc and 
most interesting works of our time. The instruments 
employed were a 20-fcct reflector, of 18^ inches aper- 
ture, and a 7*feet achromatic, with 6 inchca of aper- 
ture. With these the nebulae and double stars of 
southern skies were examined and measured, and that 
wonderful “Gauging of the Heavens” completed, of 
which I have spoken in the account of Sir William 
Herschel (201). There is on admirable chapter on 
the apparent magnitude of the stars, to which I shall 
refer presently, and one on Halley's comet, besides 
other matters of interest. 

Since his return to England in 1838, Sir John 
Hcrsehcl has withdrawn from the labours of practi- 
cal astronomy, but be continues to advance diffurent 
branches of science, and to expound them by his able 
and ludd writings in a way which has made his au- 
thority equally respected by philosophers and by men 
of the world. The career of Sir John Herschel has 
been marked by an almost total absence of the ele- 
ment of ambition, so often a powerful excitement in 
the pursuit of discovery. Hod he sought notoriety 
and posthumous fame, he would have confined his 
efforts within a more circumscribed range. But his 
versatile talents sought their appropriate exercise in 
all departments of exact science, and even (it is bo- 
lievcd) in pursuits widely distinct from these, in 
natural history, bcUe^ UtireSf and the fine arts. In 
all this he no doubt considered simply the useful 
and pleasurable employment of his mental activi- 
ties. Truth seemed to him as desirable whether at- 
tained by tlio labours of others or by bis own ; and 
in his numerous writings he has expounded these 
with a zest which a less generous spirit might have 
reserved for his peculiar achievements. What he 
may have lost in future fame by this enlargement of 
Ills sympathies and interests, he has gained in ibu re- 
spect and good-will of all his contemporaries. Sir 
John Herschel recently filled the post of Master of 
the Mint, to which, like his illustrious predecessor 
Newton, he devoted a considerable share of his time. 
His general eminence as a man of saenoe has been 
acknowledged by his nomination in 1866 to the dis- 
tinguished honorary position of one of the eight fo- 
reign Associates of the French Academy of bcicnoca. 

Orbits of DoubU Stars , — Though not absolutely 
the first to apply calculation to the orbits of double 
stars, this step in their theory may not unfitly be con- 


nected with the name of Sir John Herschel, from the 
sudour of his researches and the neatness of his 
methods. To Savary of Paris is due the merit of 
ascertaining the form and position of the orbit of ^ 

Ursm Majoris in 1827, which was followed by a 
more purely analytical method by M. Encke, and 
one chiefly graphical by Sir J. Herschel,* in which 
angles of position of the oomponenC stars are used 
nearly to the exclusion of the more doubtful measures 
of distance. On the whole, these investigations not 
only confirm Sir William llcrschers anticipations, but 
render it highly probable that the rcladve orbits are 
really ellipses, and consequently that the law of force 
is that of the inverse square of the distance. The 
reader will find in Sir J. Hcrschel's Cape Ohserra- 
tions a very curious discussion of the orbit of y Vir- 
ginia, a remarkable double star, whose interval was 
in 1783 five seconds and two-thirds, which diminished 
till 1636, when the two stars appeared united in one, 
as seen even in the best telescopes. This was the 
perihelion passage of these two suns, and the angle 
of position must then have varied (could it have 
been measured) at the rate of 70"* per annum, or 1” 
in 5 days. The following ore some of the best as- 
certained periods of sidereal revolutions in years ■ 
^Herculis 36^'4; ^ Ursm Majoris 6 H*5; «Centauri 
77' ; p Ophiuchi 80 or 90^; t Coronm Borealis 600 
or 700^. M. Miidler, Admiral Smyth, and Mr Hind, 
have added much to our knowledge of this intereat- 
ing subject 

Brightness of SiarSf and Fario6^5(or9.— ^ir John ( 297 .) 
Herschel has attempted by an elaborate system of^^ ^ 
inter-comparison to assign ^e correct relative bright-^ 
ness of the stars, and to give precision to the ordi- 
nary terminology of Magnitudes. His “ Method of 
Sequences” described in his Cape Observations, ap- 
pears to be one of the happiest specimens of gcncrali- 
aation which experimental science affords. Whilst 
regretting the impossibility of here giving even the 
slightest sketch of it, I cannot but recommend it to 
the stinlcnt of natural philosophy as a model of re- 
search. Having ascertained, in a way independent 
of every sort of hypoUiesis, the rclativo brightness 
of the stars upon the scale of Magnitudes usually 
adopted, but which is wholly arbitrary. Sir J. Her- 
schel proceeds, by properly photometric methods, to 
give a scientific precision to this notation ; and he 
arrives at this singular and fortunate conclusion, that 
by adding a small and constant correction to the re- 
ceived scale of Magnitudes, the numbers will repre- 
sent the distances of the respective stars from our 
syulcm on the svpffosition of an intrinric equality tn 
(Ac brightness of the stars themsehres. 

This subject naturally includes that of Variable (296.) 
Stars, which may be divided into those which imder-^ 
go periodic or irregular fluctuations, and the latter 
class may embrace new stars, and stars which have 


* Qmartwljf Reuitv, voL Iszxv., p. S. 


* Astmnowtical Soeitty't rcL v. 
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disAppoarMi. The last two hundred years hare not 
preaentod any such astonishing; phenomena os the 
new stars rcconlcd in the sixteenth and seventeenth 
centuries ; but singular variations in the brightness 
of some of the most conspicuous stars, as « Orionis 
and rf ArgAs, have been discovered by Sir John 
Henehel. ^*vcral stars of short and irregular 
pcrio<ls of varying brightness were recorded towards 
the elose of last oontury. But u|K>n this very in- 
tercsting subject I must conUmt myself with refer- 
ring to the details given by Professor Argelander in 
the third volume of Humboldt's Cotmot, 

(399.) Esat OP Rossc. Lfitesi ob*tn>atioH$ on Ntbula. — 
Li^Row remarkable circumstance, that as the rcfloct- 

flectla^ ing telescope was a British invention, so the more 
wleMopM. important improvements and applications of it have 
been almost confined to the United Kingdom. It is 
also worthy of notice that the manufacture has pros- 
pered more in the hands of amateurs than of regular 
opticians. Sir William Herschel appeared at one 
time to have brought the invention to its highest per- 
fection, but tho Earl of Rossc has made an important 
step farther ; not only by constructing a larger tele- 
scope than had been made iM^ore, but by adapting 
machinery driven by steam power, to the grinding 
and polishing of the mirror; so that the largest 
speculum may be finished with nearly tho same ac- 
curacy and expedition as the smallest. The chef 
d'oenirre of Lord Rosse is a telescope of 6 feet ajicr- 
ture, and 53 or 64 feet of focal length. It was com- 
pleted in the latter part of 1844, and erected at Par- 
soustown in IrelaniL 

(300.) Let me here record the important fact, that neither 
ijQP wealth could absolve Lord Rosso from those 
leml. disappointments which attend all new and 

original etforts . There is no royal road to such triumphs. 
Tho Irish nobleman owes his success entirely to his 
unwearying perseverance and mechanical skill. Even 
his assistants were countrymen instructed by him- 
self in his own workshops, where the very steam-en- 
gino which drives the polisher was fabricated. His 
labours to improve the telescope date from 1828 
(when he was Lord Oxmantown), or even earlier, and 
they appear to have been unremitting until 1844 ; in- 
de^ 1 might say until tho present lime. Com- 
mencing with a variety of ingenious attempts to cor- 
rect spherical aberration, and to overcome the ex- 
treme difficulty of procuring large castings of so ex- 
cessively brittle a material as speculum-metal, they 
terminated in the rejection of all minor helps and 
expedients, and in the fortunate completion of im- 
mense mirrors at a single costing, and of correctly 
puralmlic 6gure when ground and polished. Tho 
speculum of his largest telescope weighs four tons. 
It was polished in six hours, and its surface is con- 


siderably more than twice as larg:c as that of Sir 
William Kcrschcl’s forty-feet instrument. 

We cannot enter into the details of the methods, (901.) 
which eAdnec no small mechanical skill and scienti6c Metbo<Uof 
ingenuity, together with a perseverance admirable in 
itsfclf.^ I will only mention how the upper and 
lower surfaces of the casting were made to cool nearly 
equally fast. To effect thin the lower surface of the 
mould (which naturally retains the heat more than 
the upper) was made of iron, a good conductor, whilst 
tho upper surface was mode of sand. This effected 
the purpose; but it being found that air bubbles 
entangled in the fluid metal could not escape l>cneath, 
and injured tho casting, the iron bed was constructed 
of hoops act on edge and closely packed, the crevices 
allowing the escape of air, whilst the cooling pro- 
ceeded as before; and this ingenious contrivance was 
perfectly successful. 

Many difficulties in detail have been found in tho (902.) 
mounting and use of so ^gantie a mass, particularly 
on account of the distortion of the mirror by flexure. 

Bnt these have gradually been surmounted by Lord iu r^ulu. 
Rosse. His published observations 
Tmiwurriofu, 1850) relate almost entirely to objects 
of the class of ncbule ; and as 1 cannot enter into 
details, 1 may state tho general results in two or three 
sentences. (1.) As might have been expected, many 
nebulm whi<^ resisted the power of former telescopes 
(for, except in rare instances, nothing greater than 
cightccn-inch apertures have been directed to them) 
have been resolved” into stars by the six-feet spccu- 
Inro. (2.) The aspect of a great number of nebuls 
describe by tho two Herschcls is materially motliflod 
by tho power of the telescope to embrace the fainter 
pniloDgations of these singular objects. In general, 
the symmetrical forms arc very much cut up and 
confused, and in many casos vanish altogether. 

(3.) Instead of these, a certain species of symmetry, 
of a vague yet very remarkable description, has been 
detected by Lord Rossc, probably for tho first time. 

It is a spiral arrangement of the nobulous coils 
round a centre, resembling somewhat the spiral 
emanations of revolving fireworks. The wcU-known 
nebula No. 61 of Messier's Catalogue shows this 
in a remarkable manner. 

Some observations have been made upon the moon. (9oa.) 

It is much to be desired that these were continued, 
and that the planets could also bo observed ; but I 
believe that the climate of Parsonstown aflbrds but 
few nights favourable to observation. 

Hexdersok and Bessel. Parallax and di$tanee (904.) 
of tho Fixed Start, — Thomas Henderson, at 
time government astronomer at the Capo of 
Hopc, and subsequently professor of practical os-t«r. 
tronomj in the university of Edinburgh, and his 


^ Kor s oompsrboa of Lord Rom'i And Maurt SfAVtsiith sad LaaMll’a (fubsequeot) toelbods of mochanical grinding nod 
poHibiog, see Attron. So«. Kotieet, voL is. p. 110. In Lord Koise'a sppnntus everj atroEe of tbe poliaber ia slmoat n atrnigbi 
Iio«; in Mr LaaMlI'a U Davor la. 
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Majpsty’i astronomer for Scotland, was bom at 
Dundee, in Scotland. 28th December 1788. He died 
at Edinburgh 23d November 1844. Ilia career was 
an instance of the conquest of disadvantages of manj 
kinds bj a patient, devoted, and conscientious spirit, 
and of the attainment of a station of great cmincnco 
in the world of sctcnco by singleness uf purpose, and 
an ardent love of knowledge. 

He was fortunate in having Mr Duncan (now of 
St Andrews) as his instructor in mathematics at 
Dundee, and it was '* while cmployetl as an attorney’s 
clerk in a provincial town that he laid the founda* 
tions of that extensive acquaintance with astronomy 
for which he was afterwards distinguished.** It was 
his good forttme to attract in Edinburgh the discern- 
ing notice of Sir James Gibson-Craig and his family; 
through whose influence, probably, he obtained pro> 
fosaional employments of a kind which permitted 
him considerable leisure, and even gave him an op> 
portnnity of forming scientific acquaintances in Lon- 
don. His early tastes were towards the practical cal- 
culations of astronomy, such as occultations and 
ephemerides; and from his merits alone he was 
commended and patronized by Dr Thomas Young. 
Had that gr^t roan lived, his promotion to a scienti- 
fic post would have probably b^n earlier. As it was, 
he obtained in 1831 an honourable, and, for him, 
lucrative appointment as astronomer at the Cape; at 
the sacrifice, however, of quitting his native country. 
In the thirteen months during which he held that 
situation, he performed an amount of work 

in practical astronomy which may bear a comparison 
with any similar effort. Charged with an instrument 
notoriously defective (Jones’s circle), he had to 
examine its errors and their compensations; and 
it is no small credit to him to say that with such 
an indifferent tool ho carried off a prize which 
had been the aspiration of so many astronomers 
before him — the determination of the parallax of a 
fixed star. 

Wo must not go back to the history of this pro- 
blem previous to the nineteenth century, when alone 
instruments were so far perfected as to give results 
by which a parallax, or displacement by perspective 
of a star in consequence of the earth’s motion had a 
chance of being discovered, since it certainly docs not 
amount to above a second or two, probably never 
attains oven the former amount. 

The earlier part of this century witnessed a memor- 
able contest on this subject b^ween Mr Fond, the 
Astronomer-Royal, and th Brinkley, afterwards Bi- 
shop of Cloyne ; the former founded on observations 


at Greenwich, the latter at Dublin, both with instm- 
ments of great power, being meridian circles of tho 
largest size. It is sufiicient hero to note that Dr 
Brinkley attributed to some of the brighter stars, 
such as a Lyre, a parallax of 2**5 (which, how- 
ever, he afterwards re<luced to little more than 1"), 
whilst Mr Pond could arrive at no such result. There 
is no doubt that .Mr Pood was correct,^ 

The first case uf parallax which was determined with (306.) 
some certainty by tho use of ordinary meridional in- 
Btruments was that of a Gentauri, a bright star of tho 
southern hemisphere, which was deduced by Hender- Csauari. 
son from his observations at tho Cape long after they 
had been made, and what is |>crhap8 still more satis- 
factory, made without reference to this particular 
question. The result, which gave to this star an 
annual parallax of 0*91 of a second, is believed to be 
correct, because it has been confirmed by Mr Maclear, 

Henderson’s successor at the Cape. It may, however, 
be not unreasonable to desire that the observations 
should be repeated in another locality, and with a 
different instrument ; forit has not boon unusual (as 
in the case of Brinkley) to obtain under the same 
circumstances perfectly consistent, yet erroneous, and 
therefore inexplicable results. 

The very considerable amount of parallax in this (309.) 
instance, corresponding to a large proper motion 
(3*'6), gives a strong independent probability that it 
is not materially erroneous ; and in this rcs|>cct the 
most competent and impartial historians of science 
have given full credit to Mr Henderson for having, i 

by superior skill in the use of his instruments, and I 

happy choice of an object, made a discovery which * 

so many eminent observers hod long sought for in 
vain. 

Subsequent to the date of Henderson’s observa- (310.) 
lions, but before their publication, Bessel (whose 
biography we have given in Section 3 of this chap- 
ter) determined the parallax of the star 61 Cygni, in cjgnl. 
a different way. It was a happy suggestion of Galileo, 
that if two stars be select^ apparently near one 
another, but really disconnected, and having very un- 
t<}ual magnitudes (therefore probably at very dif- 
ferent distances from our system), — and if tho ap- 
parent angular distance between the two stars be 
measured from opposite parts of the earth’s orbit, 
it must sensibly vary by an obvious effect of per- 
spective. It was in pursuit of this happy idea 
that Sir W. Herschel discovered tho fact that the 
connection of such pairs of stars is often real, not 
apparent^but it was Bessel who, guided in his 
choice of an object by the critical character of the 


^ John Brlokley, Bixbop of CIojtm, wm born !b Engixad, ud educated at Cambridge, where he wa« eenlor wreogler In 1788. 
lie acted for a abort tim e aa Maakeijrne'a aanataot at Greenwich, and waa lubaequeDtly appointed Profeaeor of Aatroaomy at 
l>ablin, where be made maoy excellent obaereationa, aapecially thoee on Natatioa and Aberration. Brinkley ought to have 
been mentioDed in Art. (30) ot tbla DlaMrtaUoD, aa having eootrlbutad matarlallj to tfaa progreaa of Iht atody of the ConUncntal 
Ualhematia in the United Kingdom. 
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con»i4erable proper motion of an othervriso un- 
conspieuous atar» first reducoil Galileo's theory to 
sncccssful practice. The details of this elaborate in- 
▼estigation hare l>oen considore*! by competent judges 
as among the happiest sjieeimens of astronomical in- 
duction ; and like Professtor Hcndcrsoirs, they have 
also had the a>lvantage of sultscqucnt and still more 
independent corrolioration. Professor Johnson of 
Oxford, using, like l^sel, a divided ohject-glasa 
micrometer (or beliometer, as it is not very appro- 
priately called, never being applied to the sun), lias 
obtained n.<sults for the parallax of « Cygni almost 
identical with Bessel's, which was 0*35 of a second. 
I am sorry that my limits will not allow me to 
explain more particularly the details of BessePs 


method, which, however, may bo found in several 
iniMlem works on astronomy. 

^r, Peters of the Observatory of Pulkowa has an- 
nounced several additional parallaxes, all <k*tcmHne<! 
with the aid of a meridian instrumont. He has even 
atioinpted to infer the mean parallax of stars of the 
1st, 2d, &c. magnitudes, which M. Struve luu com- 
pare<l wth his estimate of relative distance derived 
from other considerations ; but the numbers of as- 
certained parallaxes, as well as their amount, are too 
sinatl, and the anomalies still too apparent (as in 
the case of the star No. 1030 of Groombridge's 
Catalogue), and the parallactic distances too often 
inverted ou the scale of brightness, to allow us to 
attach much importance to these generalizations. 


CHAPTER IV. 

MECHANICS OF SOLID AND FLUID BODIES, CIVIL ENGINEERING, AND ACOUSTICS. 

§ 1. Watt. — Condition of Practical ^feohamc4 previous to the time of WatL lUt genius for the 
application of Science to Practice. His suceessive Improvements on the .S7cam-.^nyiW. Steam 
Navigation. 


James Watt may be considered as the most dis- 
tinguished practical man of scioucc of the lost cen- 
tury, or even for a much longer period. But this is 
not all. Few men achieve nuch a reputation as his 
without having done more than originate a great in- 
vention for the use and benefit of mankind in all ages : 
— >He also taught men to raise the useful arts to a new 
dignity, to marry them to genuine, unpretending, 
and inductive science, — to dispAnroge ignorance and 
empiricism, and to render the labours of the work- 
shop subservient to intellectual progress. 

I have attempted, in the first chapter of this Dis- 
sertation, to place the scientific part of engineering in 
its due relation to pure physics, and I have compared 
tho relation between tliem to that subsisting between 
Mathematics and Physics — the one as on instrument, 
the other as an end. Now it was this, in particular, 
which made Watt tho important character he really 
was. Ho brought outt be dependence of the former sulv 
jects, as Newton and others hod successfully taught 
and demonstrated that of the latter. 

To appreciate Watt's merit, we must compare the 
purely mechanical contrivance* of the period preced- 
ing the date of his improvements on the stcam-eugiue 
with those of a simil.ar space of tirao succeeding U. 
’ In the former we find multitudes of contrivances or 
j,rtf,rr — ingenious, indeed, but many of which could 
not be executed ; tho greater part of tho rem^dcr 
could not be carried into cHect through wont of know- 
l(y|gi> in the inventor. We have large promises of 


** semi-omnipotent engines," perpetual motions, 
** quintessences of motion," and the like, mingled 
with trivial mechanical tojm ; or wo have elaborate 
diagrams of mill-gearing, lathes, fountains, and saw- 
ing machines without end, illustrated with shovry and 
expensive plates, but destitute, for the most part, of 
the slightest novelty of principle, or truly mechani- 
cal skill in application. Here and there, no doubt, 
elegant and appropriate contrivances for communi- 
cating or sustaining motion occur ; but nearly all 
the best forms of elementary machinery were of re- 
mote antiquity, excepting those connecUNl with clock- 
work, which, including tho groat and truly scientific 
application of the principle of Isochronism, formed 
tho only considerable step in pbilosopbical mechanics 
for very many years previous to the conception of 
the steam-engine. The statical port of mochanica 
ho<l made more progress. Masonry and Car|>cntry 
had attained a degree of perfection in many n!spects 
admirable, under tlic Italian and Norman architects ; 
but the really difficult theory of machinery in motion 
was little understood before Watt’s day, and the 
knowledge which then existed was unossociated with 
practical skill or commercial enterprize. It could 
bo found only in profound treatises of theoretical 
mechanics, and in experimental courses of natural 
philosophy. The sources of power were almost ex- 
clusively those derived from simfde gravity and the 
impact of fluids. It was not, indeed, the good for- 
tune of Watt to bo the first to employ the ^miruble 
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properties of steam as a source of power ; but he was 
almost the first to study them as a philosopher, and 
to apply, with exemplary patience and skill, princi- 
ples sought in the lalKirntory, to make available tlie 
most convenient of all motive forers. This was done 
by means of a series of contrivances so ingenious — 
so strictly connected by scientihe relations — os to bo 
a model of experimentai iTsearch, quite os much as 
a triumph of mechanical art. 

fSl5.) Such oombinaiions of theory and practice have now 
They have followed the march 
ir>ru4d Id- pliysieal learning, they have borrowed from it, 
to prsetioU and they have contributed to it But it was >Vatt 
chiefly gave the happy example. Himself by 
^ * * education and habit strictly a iiicchauic, he had the 

peculiar merit of apprehending the value of theory, 
and of acipiiring a kind of knowledge tlien altogether 
uncommon amongst persons of his profession. He 
was no doubt a siu^ssful speculator, and a shrewd 
ingenious man besides; and this, his ostensible cha- 
racter, constitute*! possibly in the eyes of many his 
world-wide celebrity. But such considerations were 
little likely to influence the opinions of contemporary 
scientific men well qualified to judge, and least of all 
of eminent foreigners, who gcncrallyregard with little 
partiality the pixEUmed commercial choractcT of their 
insular ncighltours. Dr Black, who was hy no means 
prodigal of ])raise, termed the steam-engine, as im- 
proved by Watt, “an invention which is in its pre- 
sent state the master-piece of human skill,'* not 
** the production of a chance ohservatiou, hut the 
result of deep thought awl reflection, and really a 
£ftimst« present by philosophy to the arts.*'* Professor Ro- 
of Watt's bison, who knew Mr Watt intimately, was even more 
groiu*. enthusiastic in his appreciation of his genius ; and 
Sir Humphiy Davy, in a speech manifesting a just 
estimate of his peculiar merits, did not hesitate to 
place him on a level with Archimedes.* But a tes- 
timony more authoritative and unbiassed than any 
of these, is the fact (hat Watt was elected first a 
cotTcspondiog member of the French Institute, and 
finally one of the eight foreign Associates of the Aca- 
demy of Sciences. This honour, to which so few can 
attain, which Newton once owned, and which now 
graces or lately graetd the names of Young, Hum- 
boldt, Oersted, Brewster, and Rol«ert Brown, is a 
sure passjMjrt to scicntitic immortality. Here, at 
least, no utilitarian pride, norevwi the laudably pa- 
triotic emotion of gratitude to one who had proved, 
in more ways than one, his country*s benefactor, can 
be supposed to have influenced in the remotest de- 
gree his cipction. 

(316.) Having said thus much on the position to which 
Watt's inventions entitle him in the narrative of the 
history of science, we may refer with brevity to the 
generally well-known improvements of the Sieam- 


engine, in whicli they mainly consist In Sir John 
Leslie’s Dissertation, a space of but a few lines haa 
been devoted to them, which seems inadequate to 
tlieir importance. For details, however, we must 
refer to the articles in the Encyclopedia where they 
are explained at full length. 

No doubt we cannot in strictness call Watt the f3l7.) 
iuventor of the steam-engine. The grand principle 
of rendering the heat contained in steam available as engine, 
an economical source of moving pow er may be traced 
80 far back that we lose ilie clue altogether in the 
obscure, or impracticable, or simply jmcrilc shapes 
in which the idea was contained. Even in the time 
of Worcester (1CG3) wc must be allowed to doubt 
whether the history of the steam-engine had out- 
grown the mythical stage ; Papin, indeed, proposed 
a piston nnd cylinder in which the vacuum was pro- 
duced hy steam instead of by the air-pump (as already 
suggested or practised by Guericke) ; but Savery 
(UiU8)was the first who constructed a steam-engine, 
and applied it to the drainage of mines. His inven- 
tion included the two capital properties of steam, its 
power of protlucing a vacuum by condensation, and 
its elastic force at high teiiiperatur(». A few years 
later the piston-form was introduced or re-invemed 
by Newcomen and Cawley, as well as the valuable 
ex)tedient of producing condimsation by a squirt of 
cold water injected into the cylinder ; and in this 
condition the Atmospheric Engine remainwl with 
slight improvement fur above half a centur)', doing 
the work for which it was mveiitcd, — Uic pumping 
of water out of shafts (the pump being moved by a 
chain attached to the end of a horizontal oscillating 
beam),— wherever economy of fuel was unimportant. 

Such was the ease at coal pits, but in other mines, 
usually situated remote from coal, it w as of compara- 
tively little use, on account of the enormous con- 
sumption of fuel. 

Jaxies Watt was l>om at Greenock in 173G, and, (318.) 
owing to feeble health, teems to Imve enjoyed lillle***"*^ 
advantage from regular tuition of any kind; 
was, however, to a great extent made up for by the torv, 
intelligent spirit with which he ocquired knowledge 
without assistance on a great vanely of subjects. At 
the age of nineteen he proceeded to Loiiduu, where 
he learned mathematical-instrumcDt making, hut he 
soon returned to Scotland, intending to pursue that 
business in Glasgow. Here he met with obstacles, 
but finally, by the patronage of Dr Adum Smith, Dr 
Black, and other professors, he was esmblishtd as 
instrument-maker to the university within the college 
buildings. 1 mention these details because they show 
that Watt, as early at least as 1737, had been favour- 
ably noticed by the most celebrated professors then 
in Glasgow, and had received a special pledge of (heir 
good will.^ It is evident that the jmifessurs of Che- 


I., 181. * S|>«ccb«t Krcfinunn*' lUU, prtMTvrd Id AngoV RIogoof Wntt, Mid in [lavy'd Wi>rks, vol. *U. 

It appears <rom Mr Muirbeatt ■ work on fA« Orifin an4 /ViyrtM »/ ih* J/rvAantea/ 0/ Jamei BaM (publiabctl ainca 

Qit greater jtart of tba tasl of Ihii Mcttoa waa wriUauh tbal Watt's iutroducUoD to ibo college took place “ tbrougb the instru- 
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ftnJcoDD«^c>niifttrT and Nntural PbilosophT {Dr Black and Dr 
Dr'Dtic^ Dick), who had obtained for him his appointment, 
must have been also his chief aca^U'inlcal employers; 
and we may safely conclude Uiat Watt constructed 
much of Dr Black’s n]>)KiratuH, as he was oertainly 
admitted to intimate and conBdentuil intercourse with 
that amiable man. Dr Black removed to 

’ E<Unburgh in 1766, but Uic friendship which he had 
Qxtende<l to the young mechanic remained unaltered 
daring their joint lives, although their personal in- 
tercourse must have been extremely slight aflcr that 
time. ‘Now Watt's first thought of improving the 
steam-engine dates (as we shall sec) from the session 
1766-4, the last but one of Black’s stay in Glasgow ; 
their intimacy was therefore fully established by that 
time ; and we find Watt ucknowlcdgiug his ** obliga- 
tions to him for the information received from his 
conversation, and particularly for the knowledge of 
the doctrine of latent hcat;”^ and we also find that 
during Watt’s experimenta on steam subsequent to 
the last-mentioned date. Black was cognizant of them, 
and assisted in their contrivance.* Moreover, Watt 
admits Dr Cullen’s well-known experiment of redu- 
cing the temperature of ebullition uiidcrthc air-pump 
to have been one of his starting points in the im- 
provement of the 8team«cngin&^ Yet this experiment 
was nut pubU*hed until 1770,* and Watt must have 
heard of it from Black himself, or from some one 
attending bis lectures, where the fact was almost cer- 
tainly mentioned. ^Vhether formally a student of Dr 
Black's chemistry class or not, it is therefore evident 
that Watt enjoyed advantages in the prosecution of 
experimental physics which nineteen-twentieths of 
<mrollcd students never attain, lie had the privilege 
of unreserved personal intercourse, amounting at last 
to intimate friendship, wiili the first authority of the 
last century on the subject of Heat, and one of the 


most cautious and accomplished r»f inductive philo- 
sophers.* Watt’s eminent merits, and doubtless his 
merits alone, gained him this happy jmsilion ; hut 
bad he remained either at Greenock, or with the op- 
tician in Cornhill, he might have failed to combine 
so admirably as he did the character uf the practical 
m.nn nud the philosopher. Ilis place in science wasHij posi- 
well typified by his position in Glasgow. His was*^*® 

“ the workshop within the Whilst the 

boratories of the classes of Chemistry and Natural ^ 
Vhilosopliy must have liccn his familiar resort, his 
own rooms were fniquentcd by the most intelligent ' 
students, including bis contemporary Dr Kubison, 
where subjects of science particularly conneeteri with 
mechanics were diligently canvassed. The extent of 
his knowledge and tlie variety of his resources were 
fully tested, and the result, as stated by the generous 
pen of Robison, was a conviction of the superiority of 
Watt in these respects to any of his contemporariea. 

It is a fact worthy of note that the immediate oc- (319.) 
coston of Watt's improvements was the commercial " 

consideration of economv. In 1763 or 1764, 

Ill I 1 i> ■ . I • ” ineniB os 

called on to repair a model of the Atmospbenc Kn-ate»iu. 

gine in the Natural Philosophy class at Glasgow 
(which model is still preserved), he found the amount 
of steam expended in heating the cylinder at each 
stroke to be so great that the boiler was insulfidcnt 
to supply it pru|ierly. He then commenced experi- 
ments on the amount of steam thus consumed, and on 
the means of diminishing it Though the primary ob- 
ject was the repair of a model, it is not to bo doubted 
that Mr Watt had in view the practical improvement 
of the engine on the great scale, with the use of which 
in the coal-fields of the west of Scotland he was pro- 
bably familiar, having the intention of becoming 
himself a civil engineer, and being already acquainted 
with the writings of Desaguiliers and Belidor.* 


aenUlity of hi* mother’* kinsman Mr George Muirhead. who b*d tbea (1764) jua( eicbanged the urofeesorahip of orleotal Un- 
goagea for that of Latla.” It wUl tie *eeu that tbi* refer* to a period soiecedetit to hi* jooraty to Ijondon. 

* Letter to l>r Hrewster in Koblioa'* ifrtkanuat Pktlofoyhy, it., p. v. 

■ Kobboo'* Mteh^Htc<U Pkilotopky, H., 1 19, nets (1^ Mr Watt). 

* Aid., p. viL, and 114, nots. 

* la t^ Juiimhwyk Pkftieal and Xiferary £uaft, vd. lU Dr Black (who wa* latimat* with CnUeo) knew of U at least la 
1797. Lt€tvru,U6^5. 

s It U perhaps unfortnoate that Mr Watt, when on the verge of raorseore, contrary to hi* ov n intootiona, but yielding to ** the 
represenUtion of friends” recorded a complaint that hi* boat friend*, Black and Kobi«on, bad refuted him bU doe ebare uf merit 
in the improvement of the •teain-«Dgioe, and diaclaimed, a* injurioua, the appollntioo of "a pupil of Ur Black” (letter to Dr 
Rrewitcr in Robieon’e Mttkanioti PkiloMpky, vol. ti., p. v.) Admitting (a* be doee on the eame {>age) that the doctrine of Intent 
b<«t wae due to Dr Black, and that be first learnt it from htn, he adds ” thia theory did not lead to the improvemntu 1 aAer- 
ward* made In the efiitine.’* p. tIU. Vo ooe ever ascribed to Black the beautiful inventioa of a separate cooderuer, but even 
Watt'* most ardeot eulogiiu (Lord Brougham and M. Arago) admit that the theory of latent bent ** form* the key to the econo- 
micul appreciation of the Rteani.cngine.'' 8o far wa* Watt from being independent of Dr Black’s aMuiance in tbi* matter, that 
he himaelf tell* oa twice over, tn subatantially the smine language, that when in the coune of bis exporimenU oa the model engine 
in Glasgow College in 1764 be was ** o< a kt«< to undsrttand bow much cold water could be heated by »o small a quantity in the 
form of steam," he "apptied to Ikr Bloch, and lAen /rsl wsdsrttood u-A<tt woi <aU«d Uusnt Ktot” (Robison, ii-., p. v. ; a]*o p. 116, 
Mr Watt miykt have been the diecoverer of latent heat, and thf< eolver of bis own dilemma, hod not Dr Black been at 
band. It la the bigbeet compliment wt> can pay him to say that such an achievement was not too mueb to expect from him. 

[Three ooorlu*lone are fully eobetantiated by tha intereetiog docuinenu lately publUbiid by Mr Muirbead io the V<?mipond«nc$ 
of Watt cn tks Compomticn cf Water, p. 0, and In bis ^tckanical /nvmtwiu ofjawut Watt, vtd. I., p. Ixxxi.; vol. it. pp. 116, 118, 
119,279. In the last-cited pawaga Watt blmtelf fUe* tbe date and manner of bis receiving frum Dr Black hi* kxww ledge of the 
doctrine of Latent Deat. lU says, I myself never attended bis (Dr Black’*) lectures; bat tbe doctor explained hU dootriaaa 
to me about tbe year 1793.”] Aiitr added durtitp prttUmf. 

4 8re Mr W'ati'aowD narraUve in Kobboo’* Utekaaicot Pkilstopkf, U.,11% mu; and in Ur Muirbead a Jf«rAaaica//nvra(i«iu 
of Jaaut Watt, tqI. 1. 
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(»20.) When Watt discovered by moons of his model that 
condensation and loss of steam in the cylinder at 
m(«[ih«rtc stroke of the piston eicee<lo*l that which is use- 
cDglee. fully employed in pro<luciiig the vacuum, he proceed- 
ed very methodically to ascertain the chief numerical 
data or constants u{>on which the working of steam- 
engines depend ; as, the bulk of steam of given elas- 
ticity compareil with that of the water producing it, the 
elasticities of steam at diflferent tcm|K>raturcs, cs|)e> 
cially above the iMiiliog ]>oint, the evaporating power 
of a pound of coals, and finally, the eicpenditure of 
steam and of injection-water for a single stroke. The 
last, the amount of cold water requin-d effectually to 
condense the cylinderful of sU'am, appeared so very 
large that it at once betrayed the source of the waste- 
ful expeuditUTo of fuel. All the heat which was ab- 
stracted by the inj«?ction-water had to be supplied 
afresh at a vast expense of steam, and conse<|ucntly 
of coal, before a fresh stroke could l»e made. The 
mere amount of steam uccessiiry to 611 the cylinder 
and elevate the piston was a trifle in comparison. He 
naturally oacrib^ it to the absorption of heat by the 
material of the cylinder, which no doubt was an im- 
portant element ; and ho tried cylinders of different 
materials, and ascertained (in most instances for tlie 
6rst time) the fpeciAc heat* of the substances used. 
But still the amount of injection-water remained un- 
accounted for, and the regulation of it was the great 
difhcuUy of the old engine. If a tolerable vacuum 
was desire*!, the cylinder must bo floodeil with cold 
water, and all iho heat abstracted must be restored 
before tho next stroke was produced. If, on the other 
hand, the injection was imperfect, so that tho con- 
dense*! steam and water together retained a liigh 
temperature, an atmosphere of vapour so clastic 
s]M)i[e«i the vacuum, nnd in many cases the working 
otficiency of the engine was reduced to about half of 
the atmospheric pn^ssurc. 

(321.) The theory of latent heat, showing that steam con- 
Wfctt* tains as much heat ns if the water yielding it had 
^*^**-'“ ratsefi through 1000“ of temperature, gave a 
cofvdenM* clear explanation of the enormous amount of injec- 
tica. tion-water necessary. How to escape from the difll- 
ciilty was another question, which was solved solely 
hy Mr VVatt, who, early in 1765, first conceived the 
idea of retaining the cylinder always at the boiling 
heat, and effecting condensation in <i trparate vt*ad 
kept constantly as cold aa possible, in which injection 
should also take place, and into which the steam of 
the cylinder would spontaneously rush, on a commu- 
nication U'ing o|M>ned at the projtcr instant. The suc- 
cess of this device was complete, and it was spee<li)v 
followed by a series of admirable ond mutually de- 


pendent improvements which Watt introduced. To 
keep the cylinder as warm as possible, it was 6rst 
provided with a cover, through which the piston-rod 
passc-dby means of a stufllng-box. Then steam it- 
self was employed to press down tho piston, instead 
of atmospheric air which cooled the cylinder injuri- 
ously. 

Having thus steam on each side of the piston, the (3S?.> 
step was easy to make tho engine a 
one; so that the volume of steam which by its elas- 
ticity impelled tlie piston during its descent, being 
thrown into the condenser, produced the vacuum 
necessary to make the ascending stroke equally ad- 
vnnt^eous.^ But in pumping-en^pnes, which liod 
hitherto been the main employment of steam, or /ire 
engines (as they were then called), it was sufficient 
that the power was proilucod in one direction, that 
is, to lift the pum]>-rods but tho double action of a 
pn.shing and pulling force was evidently apjilicable 
to every sort of machinery by the use of a crank aud 
fly-wheel. A difficulty, however, was experienced in 
applying this push-and-pull movement to the oscil- 
lating Warn wliich hod so long formed a part of the 
atmospheric engine, and which it was so couveuient to 
use. Mr Walt ohviatc<l it with his customary saga- Paratl«l 
city, aud succeeded in inventing a connection of rigid motioa. 
jointetl links which effectually united the piston-rod 
with the end of the beam, tho former moving in a 
vertical straight line, the latter in a circular arc, so 
that pressure was transmitted in the manner of either 
push or pull without the slightest practical incon- 
venienoi. No doubt the loeus of the motion of tho 
piston-rod head is not rigorously straight It is, when 
fully developed, a curve of the fourth order, resem- 
bling a very elongated figure 8 ; but tho portion of 
the curve in use Is practically straight. This happy 
solution, the most elegant perhaps in the science of 
pure machinery, or kinematics, was not the result of 
a formal mathematical research, but presenter] itself 
to the mind of Watt, as ho tells us, almost intui- 
tively. It became from henceforth an important cle- 
ment of mechanical combinations. 

Other methods of prixlucing direct rotation oc- ( 333 .) 
currod to the ingenious mind of Watt, and many of F.spsoriv* 
them were shown to be practicable by l>eing actually 
executed in model size. But tlie next great practi- 
cal improvement intn>duccd by htin was the princi- 
ciplc of expansive working, w- hereby a saving of steam 
is prixluet'd (particularly in single-acting engines), 
second in importance only to the result of tho svi>a- 
rate condensation. This consists in allowing the 
steam to flow in u|>on the pist*>n during only the first 
]iart of the stroke ; tho rest being completed partly 


1 'HtU hsppy id«» i«rm« to hare been by Dr Small of Blrmln;;b«ra in a letter to Wett. of date 3th N'orembar 1769. 

** I sea DO rrsMKi why yott shootd oot roudense at txWh eoda of your eylinder, and drive all before yoa, bec-k atroke and 

fore stroke.'* — M^tkanUtil of Jam*t H*aU, 1. p. 81. Tbe unetmmi^ MitacUy of Dr Small, and the impurteut svrfK'ro 

which he rendered In ravny way« to Watt, come o«t denriy for the first timo In this w>->rk. 

■ 80 eworlftted were these enginre with Uie opt'ration of raising water, that we find they were at one time osc4 to supply 
comm>ia waler-whecU whb a cotutuii sireatu, and ibu* to produce coutlnued moUuu for mlU-wurk, &e. 
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by the inertia of the moving machinery, but chiefly 
by the continuous though constantly diminishing 
elasticity of the steam as it expands and fllls the en- 
tire cylinder.' It is evident that, in the extreme cose, 
the work required (in pumping) will l>e aecumpllshM 
if the piston reach the end of the stroke just as its 
moineutum is exhausted, and tliat, on the other hand, 
if the pressure of the steam remain constant through- 
out, the velocity will lie a maximum just when the 
work being done hy the machine is suddenly com- 
plotc^l. and so much moving power will be wasted. 
A medium distribution prwluccs the most favourable 
result in practice, and it depends entirely upon the 
ratio between the resistance and the effective pres- 
sure of the steam what this most favourahle propor- 
romiih tion will be. lu the single-pumping engines of Corn- 
•Dgioe*. wall, in which the economy of fuel is carried to the 
highest perfection, it friK}uently hapix'iis that not 
more thau o««-c*</AtA of the stroke is performed un- 
der the full pressure of the steam, which acw expan- 
sively during the remainder of the stroke; but tlicso 
engines, though condensing, ore moved by steam of 
four times the elasticity of the atmosphere. The 
Cornish engines liave been very elaborately perfecte<I, 
and they have been more carefully teste«l in respect 
to pertbnnance than any others. It is j)t*rhap8 not 
too much to say that they do not contain a single 
eontrivaiico of any importance (beyond of course 
what they have in common with the atmospheric 
engine), whicli was not tlie unaided invention of Mr 
WatL 

(321.) In the Cornish engine wo see the Energy of Heat 
available to un extent which the inventor 
himself would at one time have thought scarcely cre- 
dible. The combustion of a bushel of coal which in 
a Newcomen’s engine improve*! by Smeaton was 
cajnblo of raising 3,000,000 pounds through one 
foot, in Watt’s improve*! pumping engme raised 
20,000,000 pounds the same height. But hy the 
indefatigable skill and perseverance of engineers the 
Cornish pumps now yield at least five limb’s the last 
amount. This, however, is nut the place to enter 
upon tliese details, nor can we stop to particularize 
the other and various mechanical inventions intro- 
duced by Watt in the form of valves, governors, and 
stOAm-indirators. Still less can we enlarge u|>on the 
endless and still multiplying applications of this ad- 
mirable moving power, which is as capable of super- 
seding the greatest natural forces hitlierto applietl hy 
man to the useful arts, as it is adapted by its easy 
regulation to replace human industry in the most 
delicate operations; “the trunk of an elephant, 
which can pick up a pin or rend an oak, is os notliing 
to it”' 


Of the applications of the steam-engine with which 1SS5.) 
Mr Watt w.as less immediatelr connecte*!, iU ndap- ^PP*^^** 
tatnn to locomotion in the case of ships in the la!?i Ui 
century, and In that of railway trains in the present, n»»ig*Uon, 
have been the most striking, and fraught with coii- 
84<quenccs th<> most important to mankind. Of the 
latter wc shall have occasion to speak in a fmtin' 
section ; of the origin of steam navigation wc may 
here say a very few wonls. I’ls'.-iing over projects 
which never were realized, of moving l>arg 08 by steam, 
or other inanimate power, against wind and tide,— 
such as those of Worcester, Papin, and Hulls, — -we 
find that the first (^x(>criment entitled to l»e called 
successful was raatie by .>5r Miller of Dalswinton in Mm»r — 
Scotland, conjointly with Mr James Taylor, tutor in'*^yh>r. 
his family, who together formed the project of mov- 
ing vessels by means of paddle-wheels driven by a 
steam-engine, and realize.! it with the aid of Sym- 
ington, a practical engineer. As we shall also fin*l 
in the case of steam-carriages, the iV/«j of the a]>p]ica- 
tion of the steam-engine to move ships was aln^ady 
a familiar one to the minds of many persons al>nui 
the middle of the last century. To put it in practice 
with advantage wa.s the sU-p require*!. Mr Miller’s 
first boat was launched on Dalswinton Lodi in Dum- 
friesshire, in October 1788, and attained a speed of 
five miles an hour. The subject was pursui**! by 
Symington and others. In 1789 a larger vessel was 
pro|>rllod on the Forth and Clyde Canal. Subsc. 
quenlly, however, the invention languished. The 
want of co-opt ratioo, of capital, and ingenuity, n.a- 
turally extinguishes many valuable inventions. Watt 
himself was only rescue*! from the aamedlfiiculiy hy 
the unusual intelligence of Boulton and Small, his 
co^ljutors at Birmingham. Symington was less for- 
tunate, as well as probably less meritorious; an<l 
though it is well cstahlUhed that Fulton, who pasM>s 
on the other side of the Atlantic for the inventor of 
steam-ship^, ha<! seen the relics of Symington’s second 
experiment, wc must do the Americans the Justice to 
s.*iy that the application of steam to navigation first 
flourished in the United States. In 1807 Fulton Fulioo. 
started a river boat with an engine of Boulton and 
Watt. In 1813 the example was tardily imitato*! on 
the Firth of Clyde. The subsequent improveinenta 
nceil not here ho specifinl. They have very 
great an<l striking, but with the exception of tlie recent 
ftulistitutioD of the screw-propeller for {Huldtc-whecds, 
they scarcely involve any new principles.* 

\Ve may briefly close what we have to say of Mr (326.) 
Watt pe^rsonally. Ilis health was feeble from c**^*'^* J'hsivtnr 
hooil, but Iwing blessed with raucfi calmness of u.iu- ©f \v*n. 
per he prolongtHl his life to a great age, and passed 
through its struggles, though they were to him con- 


^ The <loubte-actiog ftogioe ww plauBcd Id 1774 or 1773. Th« cxpantloQ princlpl« wss 6nt uAcd In 1776 ; tlie parsUel 
«-»■ pstrnied in 1764. — WsUa Notes on Dr Kublson'i ArticU. Itobi»oa'» Mtth. mt.. vol. 11. * Lord JrflTrf^r. 

** Kor forthor dctsllt on tbo binary of Siran Aa»syai»un, am tlutt srilcle Id tbo KoeyviopartUn; nnd Mr D<anct WooUevoft’s 
work uu tbe iubj«ct, Louduu, 1646. 
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sulcrable, without acrioua injurj. Vexatious law. 
suits connected with bis valuable patent rights af- 
forded him but too much occupation and anxiety. 
He wrote little, and he did not covet fame. He was 
fond of chemistry as well as mechanics, and was well 
acquainted with the theory and practice of that science 
as it then existed. He put forth opinions on the 
chemical constitution of water which, in the judg- 
ment of some, entitle him to contest priority in the 
discovery with Cavendish. He must have been 
versed in mathematics in his early years, as we learn 
from his friend Dr Robison, hut there is no evidence 
that he ever attempted a strict theory of hisown engine. 
Nor were his successors in this respect more fortu- 
nate. Tlie best practical writers on the steam-engine, 
up even to a late period, gave most rude and inac- 
curate rules for computing its cflccts ; and it is to a 
Frenchman, M. de Famlwur, that wc owe the first 
philosophical, and, at the same time, elementary 
analysis of this noble machine. 

Much light has been thrown upon the character of 
Watt by the recent publication of his corre8pond*’iico 
by Mr Muirhcatl.' We there see the pressure of phy- 
sical infirmity, and mental despondency and indif- 
ference, under which he laboured from boyhood. We 
leam the accumulated diiliculties, arising from the 
Iwickward state of the mechanical arts in his time, 
which delayed for years the successful prosecution of 
his happiest, and what would ap|>car in our day 
most easily realized, conceptions. We see him at 
times ready to abandon fame and profit for the en- 
joyment of the humblest competence with tranquil- 


[DI88. VT. 

lity. We find him, mechanic though he was, shrink- 
ing from possible collision with the opinions or in- 
terests of others, and in his early an in his latest 
♦lays, solicitona to avoid responsihiHtT. He had, in 
a word, throughout, the finely strung susceptibility of 
a man of genius, singularly at %'arlanco with the 
necessity ho was under of pushing his way in the 
world, and of turning his inventions to (ho best com- 
mercial account. Providentially ho was thrown in 
the way of friends to whom, by his private character, 
he was greatly endeared, and who suppliwl the ele- 
ments necessary to the successful prosecution of his 
schemes. The sanguine zeal of Roebuck, the com- 
mercial sagacity of the capitalist Boulton, and not 
least, the sympathizing friendship of Dr Small, who 
was well fitted by his character and attainments to 
mciliate between Watt and the other two, were all 
essential to the realization of the improved steam- 
engine. 

When Mr Watt was finally relieveil of the oppres- (328.) 
fiion and chicaneries of his opponents in the courts now oft U 
of law, he wns settling down into a peaceful old age. 

He probably hoped to live over again some of the 
scientific {Mssagrs of his youth in sympathy with his 
second son, Gn'gory, who possesses! a decided taste 
for science, hut was unfortunately early cut off. Re- 
spected and beloved by a large group of friends, many 
of whom survived him, and admired by a far wider 
circle, he dic<l at Ilcathfield, near Birmingham, 2^th 
August 1819. Statf^men, philosophers, and men 
of the world, united in extolling the worth of his 
character and the greatness of hit genius. 


§ 2. RoBI80!f.--/lp/>ffVari'on of Statical Principles to Engineering^t^eciallp to Practical 
Masonry. COULOMB.— /'Wciioti — Force of 2'orsion. 


The name of Robison may perhaps not appear to 
he sufficiently identified with any great discovery to 
merit a place in this condensed sketch of tlic pro- 
gress of science hiographicaUy illustrated. 
there no other claim, I should consider it a sufficient 
one to entitle him to at least a brief notice, that he 
was bv far the most important, and, as M. Arago 
has justly called him, “ most illustrious contributor" 
to the earlier editions of the Eucyelopetdia J3rituu- 
ntco. But he was also a philosopher in a high 
sense of the word. His knowledge was mnltifarious 
in no ordinary degree. He had little of pretention 
to originality, yet he brought to bear upon matters 
of science an unfailing amount of excellent common 
sense, and his personal acquaintance with the Arts 
which may be calle<i Philosophical far exceeded, 1 
nnagtoe, that of any man of his time. Though not 
without his })n.poasessioDs, he was generous in the 
highest degree in his estimation of others, who in 


some Hmsc might have been considered bis rivals ; 
ho was eminently patient in his study of the works 
of his contemporaries, and in his published writings 
he laboured to render the results generally accessi- 
ble to ordinary readers, by means of laborious ab- 
stracts, iiilermingled often with highly original views; 
and he explained them with conscientious energy 
in bis lectures to the students of Natural Philo- 
sophy, whom for thirty years of his life it was his 
pride and pleasure to instruct Amidst these con- 
genial labours he found little time for making pro- 
longed original trains of experiment, though the spe- 
dmens which he has almost incidentally left us ;^ve 
the fullest proof of bis ability in this respect; and 
the explanation is, I have no doubt, to be found in 
the peculiar circumstances of his early life. Until 
his scttlcmcDt in Edinburgh, he {Hissed his time in a 
scries of active pursuits, haring much more of the 
character of stirring praciical life than of literary re- 


* TXe C>n^'« and 9 / tkt Httbaiu<al /nwaiiWi efJju*$ M'aXt. 3 vuls. 18^. 
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pose or scicntiGc conteroplntion. He was thirty-Gvc 
years oM when he begau to lecture in Eiiittburgh; 
and though an excellent working ago, it is rare itnlceil 
to find that the talent of liiscoveriug new truths has 
been formed and dcTclo}>ed so late iu life. A major 
part of the great steps in science have l>cen token at 
even a much earlier j>criod. 

That Kobison possessed all the elements of an 
original thinker wo shall presently cndit'avour to 
show ; but had his excellences consiste^l alone in 
those we Iiave specified, he would have liecn a per- 
son eminently useful in forwarding tlio march of 
seieuce. In fact, a few more such authors in every 
gcoeratiou would be cheaply purchased by the post- 
|Hinemcnt of some second-rate discoveries. Men— and 
we include men of science — are in too great a hurry 
to push on (actuate*! often by a morbid lovo of praise) 
to acquire something they may call their own, wlnUt 
they are little acquainted with the important euntri- 
butions of their rivals in the race of fame, and uf the 
predecessors to whom they really owe so much of 
what they may choose to consider their peculiar 
property. To methodize know ledge from time to time 
—to present discoveries in a form different from that 
in which they were first published, and thus con- 
nect them with what is already known and what re- 
mains to l)e clearly proved — these arc real services 
to sciena! which contribute in a very essential 
manner to its progress. Robison was a teacher, not 
only to the youth of his native country, but to the 
men of science nnd of practice of all countries, and 
of many succeeding years. 

John Kouison wns born in 1739, entered the Uni* 
versity of Glasgow at the early age of eleven, and gra- 
duated at seventeen. His early tastes were directe«l 
towards Natural Philosophy. He studio*! Mathema- 
tics (as in after life) chiefly with reference to its appli- 
cations. ^Vh^st at Glasgow ho formed the intimate 
acquaintance of James Watt, then a practical instru- 
ment maker. In a passage of a private paper, puh- 
listicd first in Arago's of IPa«,* Robison, with 
his characteristic generosity, descrilnrs his mortifica- 
tion when “yet a young student** at finding him 
much his sujierior in mathematical an<l mechanical 
knowledge ; but M. Arago has omitted to state that 
Walt was, at Uatt, three years the senior, which at 
such an age, and on such subjects, might make all 
the difieiTncc between a beginner and a proficient. 
But tbc truth is, that -with a rarely generous rivalry 
in excellence, each esteemed the other most ; for we 
find Watt hearing a similar testimony to the supe- 


riority of his friend and junior: “I was happy to 
find in him [Robison] a person who was so much 
better infonued ou mathematical and philosophical 
subjects than I was,*** It was by Robison that 
Watt had his attention first directed to the steam- 
engine ; their correspondence appears to have l^een 
frequent during their joint lives ; aud near the close 
of his life Walt acknowledged '* his obligations to 
him for very much information and occasional assist- 
ance in ins pursuits ;'* and in the Edinburgh professor 
he found not only the zealous defender before a court 
of laxv of bis rtghLs as au inventor, but also the first 
who expounded methodically the principles and de- 
tails of the steam-engine in a manner which, at least 
until lately, had not been su|i«rBedi*d. 

In 175B he left Glasgow', and the following year (332 ) 
he went to sea as tutor to a son of Admiral Knowles, 

His life in a man-of-war, during which he saw some ' 
active service in Canada, was favourable to the de- 
velopment of bis practical turn of mind, and doubt- 
less gave him an intcre.<it in M^unonnhip, naval archi- 
tecture, and other subjects, which he aftcrwanls 
turned to good account; and a suhset^uent expodi- 
tion to Jamaica, for the trial of Harrison*s Tinie- 
kee|K'r, cxerciiied him in some of the practical parts 
of astronomy. Ho retumo<l, however, to Glasgow 
in 1761, and nttachdl hiiusclf with such success 
to the study of Chemistry under Dr Black that ho 
taught the Chemical Class in the university ior seve- 
ral sessions.* But His active life was cot at an end. 

In 1770 ho accompanied his first patron, Admiral 
Knowicft, to Russia, and for some years was om- 
ploye<l, first os his secretary, suj>crintcnding ira- 
proveiucuts in the marine establishment, and after- 
wards as professor of .Mathematics in the naval 
school of Cronstadt. He spoke and wrote the 
Uu.>tsian language with facility/ and perfonne*! his 
duties to the satisfaction of all. But in 1774 he hU ■{>- 
could not resist the honourable invitation which j 

received to fill the chair of Natural Philosophy in venity of 
the University of Edinburgh, where he spent the Kdln* 
mnaioder of his life, which terminated in January 
1805, amidst incessant literary occupation, even 
when repeated attacks of a painful disorder had pre- 
ventCNl him from personally continuing his lectures. 

This brief sketch* of a career rather iinusiial for (333.) 
a man of sciemxi throws light ujwn Robison’s pecu- 
liar merits. Ho had extensive, and then 
opportunities of acquiring information, of seeing van- Untftio- 
ous coimtrios, and of noticing their physical peculiari- fxtdia lin^ 
ties; ofhclng introduced to their societyand literature; 


* Ami •inee, in ect^nM, in Inventi9Ht »f Jantt H'au, vol. I., p. sU. 

* Hid., vol. H., p. 293. 

3 Tho MS. of th*M l«ctar*«, wriitOQ wUh curious cure, but wtUi Om u«« of oontinuil «bbr«vUtions of tbt Urger words for 
tbo Hibe of eompnoftion. U now in zny pOMeMiun, having bri>n giv «’0 (o ini' by bis con, the Ut« Sir John noliMMi. I have alao 
many otber* of bis MSA., w hich for tlie mutt part seem to bav# b««n printed lo same form or other, lir Robison was an indefa- 
tiftabie penman, and wrote ami re-wrote his l<*rtare« with great labour. 11c also made elaborate asalyaei of hia reading, bat the 
habit of contracting words remained with biro through life. 

* The private marks on hit M.SA. are often lu the Kum Ian character. 

* A much fuller one wUI be found In risyfair’s Works, vid. Iv. 
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nf takiug part in tlie actual execution of «cionli6<* 
ciwiirns ; of studying foreign Innguagi's ; ami of 
mothoditing hia knowledge for the purpows of in- 
struction. Every one of these influences may l>e 
clearly traced in his writings, which will challenge 
comparison with those of any English writer, except 
perhaps Dr Thomas Young, for variety and fulness 
of infortnation, and for the gencml soundness and 
strongly practical character of the mechanical know- 
ledge with which tljcy altoiind. They would also 
doubtless have appeare»l to far greater a'lvnntagc ha<l 
they l»ocn the product of his most vigonius tkys ; hut 
he was little known as a writer until the year 1703, 
when he commcnctnl a scries of iin{M)rtant contrihu- 
tions to the A’ltcyc/o/wrc/irt JiriVtunicn^ embracing 
At least forty-six articles, all scientiflo, some of gn*at 
length ami elalioration, which were published during 
the succccdiug eight years, a periml when he was seri- 
ously afflicted with chronic disease. They erahraeed 
disquisitions on general philosophy, as in the artich's 
Philosophy and Physics; of strict science, as in 
Astronomy, Dynamics, Projectiles, Pneumatics ; of 
the more experimental sciences, as in Magncti&m, 
EloetricitT, Sound ; of the art of music (with which 
he was practically conversant}, in Temperament, 
Piano, A'c. ; — but hts great strength lay in the ar- 
ticles in which just mechanical principles were ap- 
plied successfully, and often with marked originality, 
to practice, as in Arch, Roof, Carpentry, and Strength 
of Materials; Resistance, Rivers, and Waterworks; 
SoAmanship. Steam and Steam-Engine ; Machinery, 
Telescope, and Watchwork, 

(g.l4.) The last-named articles (most of which have Ik?ch 
HU Mf colh'>cU'd in a compilation, e*litc<l hy Sir David 
Brew.Hter, in four thick volumes, entitled liohi- 
Mifhanicdt Philofophy) constitute a IkmIt 
of knowlwlgc iu civil engineering which has not 
yet l*ecn surjuiascd in clear exposition of physi- 
cal principles and their application — in the ex- 
tensive acquaintance it shows with the det.ails of 
practice — and in proofs of elalwrate and impar- 
tial study of authors, both British and foreign, on 
the subjects of which it treats. Several ot lh<tsc 
articles have l«een rc*orte<l to by the most accom- 
plished cngimK^rs of our own time as stores of sound 
experience, and they have been lavishly borrowed from 
hr some writers on similar subjects, occasionally with- 
•»ui acknowledgment The original matter which 
they contain is not always easily scparaicil from that 
which is compiled. In every instance Dr Robison 
lavs claim to less than his own share, and is so 
scrupulous in quoting the names of other authors, 
that ho has unquestiouably received less reputation 
from these Essays than he deserves. He writes like 
SoQtui A nian who has himself used the saw and hammer, 
••racvfcsl who has hail the respon.sibility of success or failure, 
vitw*. 


who might have been called upon for a scientific 
opiniem (of far more weight than what generally goes 
by the name) on almc«t any practical subject upon 
which he might have l)Ocn consulted ; and that not 
mercly in its general outlines, but in its strictest de- 
tails ; not only the tlcaign for a roof or a contra, 
hut the scantling of the timber to he used ; the mi- 
nuti® of a pump or hot-air stove ; the curvatures of 
an achromatic object-glass ; the temj>emment of a 
piano ; or the angle for the pallets of an escapement. 

Iu such matters nothing iuqiortant cither in the 
theory or the practice of his times escaped him. Ilis 
opinions were very generally forme<l on original con- 
siderations, supported by experiraenta equally well 
devised and carritsl out. His inethml of finding 
mechanically the relation ltctwe«*f» the intrados and 
extrailos of a properly l>alaiiced arch by means of 
su.spende<l pieces of chain is as ingenious as it is 
elementary ; but his ohsonrations on the manner in 
which stone arches, when ovorloa<lod, break up, es- 
tablishod on direct observation and experiment, un- 
questionably ga"^ a just foundation to the theory 
of maoonry, till then so generally and erroneously 
treated of by mathematicians with the preposterous 
ahstmcHon of the forces of friction and cohesion, 
the action of which in many instances vastly exceeds 
the direct effect of gravity. 

But on this we must not dwell. Robison’s articles (335.) 
on Electricity and Magnetism are deserving of nearly Writing* 
equal praise with referenoe to the state of knovvlcdgo . 

of the time. Probably there was not one author ofmagnetUtD. 
merit on these subjects, whatever his country or lan- 
guage, whose works he had not laboriously consolted 
and analysed the conclusions; whilst a multitude of 
ingenious experiments give evidence of the skill and 
fuitiencc of the writer. To Dr Robison we are. indeed, 
indebted for the approximate knowledge of the pri- 
mary law of tdectric attractions and repulsions ; for 
a careful consideration of those l»cauuful curves 
formed hyiron filings n»uud maguetH,^ to which such 
an enlarged imporuincc has since been given by the 
beautiful gencralizutiuns of Mr Fara<lay ; and I be- 
lieve likewise for tho first suggestion of comliining 
the voltaic elements in a ptTeor eolunin.^ Dr Robi- 
son, though for many years secretary of the Royal 
Society of Edinburgh, published lictto in its Transac- 
tions, and almost nothing, so for as 1 am aware, in 
any |»eriodical work. Hence his admirable adapta- 
tions of experiments were little known beyond his 
own class and friendly circle. 

Of his more abstract malhematical writings we (336.) 
nccii say little. He was thor«>ughiy ocquainte<l with •*wn- 
the works and methu*ls of Xowton. and with 
all thc^c of the same srhool, particularly of Bos- mBthfl- 
covich. Ho lalMmrcd incessantly to reduce the de- de- 

monstrations of the higher mechanics and astrono- 

menlB. 


* Iniilrdctly «« »w« to him aIbo tl*e 6nt «x«ct <lrtrrmin*tioa of tbe tufttli«Ri*tic«l propcniM of these curvee, made at bii 
re<)a*«t tv Hr I'Uvfair.— Ao^..iMA'r Httk. Phil., Iv. 350. 

* 6cc Uw> Firth f>ia*ertotiun (hy 6ir John be^e), p. 739. 
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mv to tbcir simplest ami most geometrical elements. 
But the result (as might have been foreseen) was in 
man y coscs a wearisome prolixity; anU originality 
could nut bo expected in these departments without 
applying the continental improvements in analysis : 
not that Dr Robison overlooked these ; but be took 
little pleasure in them ; and as regards Physical As* 
trouomy he adhered to the older methods. Having 
been so long at St Petersburg, the writings of Euler 
must have been familiar to him, as indeed they evi* 
duDtly were as far as reganls all subjects eonneeted 
with mechanics: ho justly, however, considered Euler 
os a superficial natural philosopher, though an in- 
comparable mathematician. 

(337.) As a lecturer in his own department, Robison was 
Robison as most eminent of his time, at least in Britain. That 
s ectsror. courses were not considered /x)/>«lar will easily bo 
understood from a slight inspection of his writings. 
The demuiistrations were long and copious, but too 
rapidly delivered, “The singular felicity of his 
own apprehension,” says Mr Playfiyr, “ made him 
judge too favourably of the same power in others.” 
The lectures must have aiwunded in practical details, 
which onlinary students rarely appreciate j and they 
were deficient in experiments, which unquestionably 
arose from no want of the ingenuity necessary either 
to invent or execute them. On the other hand, the 
effect of his discourses was greatly enhanced by 
his striking and energetic delivery, and by the stores 
ofhis memory, which often recalled the incidents of 
the stirring life in which he had once been engaged ; 
and to the more thoughtful and philosophic they 
were rendered at once attractive and elevating in no 
ordinary degree by the strain of fervent thought by 
which riicY were accompatiiod, and the impress which 
they frequently bore of the pure morality and ex* 
alt^ piety of their author.* 

(338.) Apart from his local usefulness as a professor, wo 
regard Dr Robison’s place in science as eminent 
J2newr. account of the sagacity with which he ap- 

plied knowledge to practice, and analysed complicate 
effects of force as manifested in engineering con- 
structions. This he did so ably as to guide future 
practice, and to reflect much light on the theory of 
solids more or less elastic and tenacious, and subject 
to the intricate strains which gravity produces. The 
difficulty and merit of these investigations will best 
bo gathered from the slow progress of his successors 
in the same field. The criticism with which his 
writings abound on the theories of even his more 
celebrated contemporaries and predecessors show re- 
markable acuteness, patience, and independence of 
thought. We may perhaps sometimes think him pre- 
judiced, bat his decisions arc never uttered without an 


elaborate statement of reasons, nor ever sullied by the 
suggestions of jealousy or sclf-conceit. Had he l>een 
an accomplish^ analyst he must have been less dis- 
tinguished in the equally important walk in which 
he stood pre-eminent. The limits of human life and 
faculties prevents universal attainment, but he was 
surely no mean philosopher of whom the sexage- 
nariau James Watt could say, “ uros a man q/ 
th« cleart4t and the mott science of anybody I 
have known** * 

Amongst the contemporaries of Robison was one (339.) 
whose actiuirements were in many respects very 
milar to bis own, and who contributed, m a degree 
second to no other philosopher of his day, to pro- etrsogtfa. 
mote sound views in the very same branches of 
science. Ciiarles-Augusti:* Coulomb (bom 173C, 
died 1806) was, like Robison, addicted through life 
to practical enquiries, and was intimately acquainted 
with all the details of the civil engineering of Ids 
day. To him we owe a coiroct knowledge of the 
laws of friction in most ordinary cases, and the right 
application of them to the theory of machines, and 
to that of the stability of structures. In a very re- 
markable paper, publislied in 1770, he analysed, from 
the Ikosis ^th of theory and experiment, the manner 
in which columns of masonry give way under longi- 
tudinal pressure ; not, os had previously been sup- 
posed, by flexure under the imposed weight, like a 
steel spring or a rod of deal, but by the sliding of 
one portion of the column over another, at an angle 
determined by the cohesion of the stone, and capable 
of being reduced to a problem of maxima and mi- 
nima. This important principle is now known to 
apply to wrought and cast iron, and many other sub- 
sbmees. 

One of (k)aloroVs happiest investigations was on <340.) 
the force of torsion, or the resistance of wires to On torsion, 
twisting; which he showed to vary directly with the 
angle of torsion, inversely as the length of the wire, 
and directly os the square of its section. These me- 
chanical principles he applied with address to deter- 
mine the viscosity of fluids, and with still more con- 
summate skill and success to the measurement of 
electrical and inagnetical forces by the construction 
of a Torsion Balance, similar in principle but ante- 
rior to tliat employed by Michel 1 and Cavendish for 
estimating the force of gravity. 

Coulomb’s researches on electricity (which have (341.) 
been only partially published) will be made the sub- 
ject of discussion in another chapter of this Disser- y^,alled 
tation ; they were the most sustained and elaborate Roblsoo’s. 
of his investigations, and display very considerable 
mathematical resources. In this respect he had a 
superiority over Robison, who, as we have seen, cul- 


* Sst Dr CkabHen' Ia/4, vol. 1. Tbst grMt man had a pacaUar veocrataoo for Dr Rohisoo, and la uodarstood to bavs racaivad 
imprtaatoDi from aUandlag hb laeturea which matarlaUj hta fotora Ufa. 

" Mt<hamitai In/Mutnm* of Jawtea Watt, U., p. 890. 
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tivatc<l precisely the tame branclica of science whicli 
gave distinction to the career of Coulomb. When wo 
compare the two pliilosophers, we fiml that the fonner 
was the more discursive reasoner and experimenter, 
and was diverted, {lerhaps by the copiousness of his 
erudition, and the attention with which he studied 
the works of others, from doing full justice to his 
own original powers. The latter excelled as a ma- 


thematician ; he concentrated his efforts more me- 
thodically, and displayed the results to tlie world (so 
for as they were published) in a more consecutive 
and lucid form. In uprightness of character and 
high morality, the two philosophcra bore a marked 
resemblance. They were both sufferers from bad 
health, and they died within about a year of each 
other, at nearly the same age. 


§ 3. Thomas o/ Materials, and Art of Conatruction (confmue<f).— TelPORD 

— Introduction of Iron tn/o permanent Slrtieiurex. Huepeneion Bridget, — Tredgold; Mr 
Hodgkinson ; M. Navier. — Mr Kobebt STErUElfROy — Tubular Bridget. 


It is a circumstanoo not uninstructive as to the 
progress and ochievementa of science, that the 
greatest modern philosopher who preceded Newton' 
— Galileo— and one of the most eminent, if not 
the most eminent, of his successors — Young — should 
have laboured with minute and practical care, and 
with corresponding success, on a subject apparently 
so humble and mt'chanical as the Strength of Mate- 
rials, and the Uesistance of Beams to fracture. 
Newton himself condescendwl to swing pendulums, 
and to observe the collisions of clastic worsted lialls. 
It is sufficient here to advert to the c.xooeding inte- 
rest of enquiries which throw so much light upon 
the internal constitution of bodies, and in some 
instances intimately connect them with the laws of 
vibration of elastic mc<lia, to which so much of 
Modem Physics is intimately alliwl. 

The eighteenth century was in this, as in so many 
other departments of science, sluggish and mecltani- 
cal, or else abstract and ultra-geometrical. The 
learned labours of Euler and the Bcrnouillis on 
clastic curves, and the strength of pillars, were for 
the most part elegant mathematical amusements, 
and with the exception of the experiments of Mus- 
schenbrock in the earlier half of the century, and the 
skilful but more limited researches of Coulomb at 
its close, little valuable in the way of precise theory or 
of accurate data derived from practice had been added 
to this important branch of mechanical engineering. 

Hobison, indi'cd, with the peculiar tact and skill 
which I have already ascribed to him, wrote several 
pa{>ers (contribute<l to an early edition of the En<y^ 
flcpmiia Bri(<»nnica, and printed in his collcctdl 
works) full of acute observation and reasoning, 
adspt^ lo the imperfect experiments of his time, 
and connected by sound scientific dcnluctions, which 
are still well worthy of careful perusal ; but it was 
to the penetration of Dr Thomas Yovso,' who par- 
took strongly of Robison’s meclianical tastes, wfiilst 
he surpassed him in facility of mathematical resource, 
that we owe a great revision of the doctrine of the 
strength of materials. In the ** Syllabus of Lec- 


tures” (1802), into which he condenseil, in a manner 
peculiar to himself, an incredible amount of positive 
knowledge ; in the licctnrcs themselves (1806), with 
the mlmirable ** Catalogue of Keforenccs and in 
the articles on “ Bridges,” and the supplementary 
propositions on “ Carpentry,** which he contributed 
to this £ucyclopcc<lia — we find (stated, as usual, 
not without some obscurity) a multitude of theorems 
and problems embracing the wliolo principles of 
construction, and liased upon mechanical laws and 
the most probable interpretation of experiments. 

The forces tending to alter the figure or dimensions (343d 
of substances usually called solid may be thus cine- 
sifiod: (1.) Extending forces, or such as produce force to 
elongation in a body when applied in a direct man- «dUU.— 
ncr. (2.) (]omprc8»ivc forces. (3.) Force produ- 
cing or the slipping of one portion of the 

sul4tance over another. (4.) Force producing flexure, 

(5.) Torsion or twisting force. The resistance of.bo- 
dies to extension was examined by Ilooke and Grave- 
sandc, and is held to be directly as the area of section 
of the liody, and to increase directly as the amount of 
elongation produced, at least within certain limits. 

Tlie measure of this resistance Young termed (not 
very happily) Motlulut of EhAStiettg^ expressing the Moduimt •/ 
force rci{uir^ to produce unit of elongation (or to 
double the length) of a prism of the substance un- 
der experiment. This quantity may be measurml 
either by the length of a depending prism of the 
substance which would produce the requisite strain, 
or more simply by the strain expressed in pounds 
or tons, which, supposing the elongationt to inereose 
vnthout limit as the esiending forces^ would double 
the length of the prism under experiment Thus, 
in round numbers, a bar of wrought iron an inch 
square will l>e extended tcIqs part by a pressure 
of one ton— hence the modulus of elasticity is al>out 
10,000 tons. The elasticity of wrought iron remains 
perfect to about half the breaking weight, after which 
the elongations appear to double for each addition 
of about -jki or of the breaking weight. Thus, in 
a recent experiment by Mr Edwin Clark, a bar of 


^ 1 reterve to tb« ciuipur od Optic* s fuller bccoudI of Yoong end bU writing*. 
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wrought iron, one inch square and ten feet long, ex- 
tended tolav length for every ton of weight 
up to 12 tons, from which point the extensions nearly 
doubled successively fur every two tons of load, and 
the bar was finally tom asunder by 23 tons. 

The comprtttion of bodies pritceeds (like the ex- 
tension) at first uniformly with the load. Some bo- 
dies resist compression more than extension (as cast 
iron); some the reverso (as wrought iron). Sub- 
stances give way under compression after different 
fashions. Hard bo<lies divide into prisms parallel to 
the compressing force ; slender elastic l>odiea l>cnd 
laterally; soft bodies bulge horizontally; bodies of 
a medium hardness divide into wedges, and (ho sur- 
faces slide along the plane of spontaneous fissure. 
Dttrution marks more particularly the mode of giv- 
ing way by the sliding of surfaces in the interior of 
solids. Though seldom due to force directly applied, 
it is an important element in most coses of the rup- 
ture of semidoctilc solids. 

The force of Jlcxure is that by which the resist- 
ance of the greater number of solids is most cosily 
overcome, but which it is of most importance to re- 
sist ; as when a beam is fastened by one end into a 
wall, and loaded at the other, or when it spans a 
horixontal space. It had not escaped the notice of 
James Bcmoiiilli, Hnhamel, and other writers of the 
earlier part of the 17th century, that the fibres on 
the concave side of a loaded beam are in a state of 
compression and not of extension, and that there is 
therefore a point, or rather a line, in every beam, in 
which the fibres ore neither extended nor compressed. 
But the clear modification of the theory prevalent 
in the time of Leibnitz and Marriotto w hich this 
cuDsidGration introduced, was probably first deve- 
loped by Coulomb, Robison, and Young, who in their 
respective publications insisted upon it with great 
judgment ; and it is difficult to overrate its import- 
ance in mechanical engineering, although the first 
great canon of Galileo remains still true, that the 
ultimate strength of a solid rectangular beam varies 
as the brcadtii and as the square of the depth. 
The writings of Young and Robison did not im- 
mediately attract the attention of practical men, 
and Coulomb, who was by far the ablest French 
experimenter on subjects of mixed moclianics, 
seems to have done less on the theory of strains 
produciog flexure than in the case of torsion, which 
ho studied with so much success, and applied to 
such excellent purpose. Nevertheless in his memoir 
on the Resistance of Masonry, in the 7th vol. of the 
** Msmoires PresenUt^’ (1776), he had already laid 
down very clearly the effect of compression on a bcam.^ 


It is, however, to Young that we owe the application 
of these principles in unfolding their legitimate conse- 
quences. In a series of remarkable propositions con- 
tainer! in the writings I have quoted (314), he assigns 
numerical relations between tlie flexure of a beam 
under almost every su^qKisable circumstance, and 
the resistance of the material to direct strains. These 
results have been extensively used by all subsequent 
writers. They are not C(|ually verified in all classes of 
substances. This, however, is not womlerful ; flexure 
is not due to direct compressive and extending strains 
alone ; fir/ormiUion may take place in a solid without 
appreciable change of densi^, thus giving rise to 
some of the nicest questions in molecular physics. 

The laws of Torsion^ as laid down by Coulomb, (348.) 
have been mentioned in the last section (340). Torsion. 

The mathematical investigations of Young on (349.) 
mechanical problems were conducted with bold di- Voung's 
rectness and in defiance of the generalizing methods ®*f*J"**'=*^ 
and symmetrical notation of foreign writers on such 
subjects. But his pre-eminent sagacity in laying hold 
on the salient points of the questions he discussed, 
and in conducting his argument to a practical con- 
clusion. was unequalled, and deserves imitation.* 

A great revival in the study of the properties of (3S0.) 
clastic matter, as regards streo^b, took place about o«o»rd 
the year 1820, probably in consequence of the 
troduction of wrought iron into the construction of 
suspension bridges, which has been attended with 
important resnlts. 

TnoKAS Tzlford, though neither the contriver of (3S1.) 
suspension bridges, nor the introducer of them into T«lford ; 
Britain,* deserves notice from the superior boldness ^“*j*^^°** 
and solidity of the noblest work of the kind which 
has yet been executed — the Mcnai Bridge. Telford 
(and the same may be said of his contemporary 
Itcniiie) was more distinguished as a man of judg- 
ment, integrity, and exporieucc, tlian os eminently 
original or philosophical. In this respect both yield 
to Smeaton, who, with Watt, was the founder (each 
in his own department) of modem engineering. But 
the beautiful and truly workmanlike structure of the 
Menai Bridge inaugurated the era of the extensive 
introduction of that admirable material, wrought 
IRON, into great permanent structures exposed to 
heavy strains. Cast iron had boon used much ear- 
lier, as in the bridge erected at Colebrookdalc iu 
1777 by Mr Derby, and in the very beautiful arch 
at Sun^rland, which dates from 1796. The span , 
of the Mcnai Bridge is 680 feet, the whole quantity 
of iron used was 2186 tons, the transverse section 
of the suspending chains or bars was 260 square 
inches, supporting a strain of 1094^ tons. This 


* Repriotsd m the nioritf <U$ ifacAiMO SimpUi, ruria, IHSl. 

* A copious scleciioa from Youeg's mechsoicsl writings msy be found in hU H'ort# edited by Pr Peecock, voL U. 

* Cspuin Ssnauel Brown erected Uie 6rst ooDsidersbU chain bridge In this country across the Tweed In 1819. 
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was a work quite unexampled at the time of its 
erection (1826), and showed a sag^icious confidence 
in the employment of a material then comparatively 
little trusted. 

(368.) Telford never made extensive experiments on the 
Zkua of r»> resistance of solids. Some special ones were indeed 
•Uuoce. made under his direction on wrought iron in par- 
ticular, but in general he seems to have relied upon 
Trvdgold Musschcnbrock and Bulfun. The 

Barlow, «nd persons who first in recent times vigorously 
lIodgklD- applied themselves to the practical determination 
of the data of resistance so long deheient, were Trcd- 
gold, a private engineer, and Professor Barlow of 
Woolwich. The data they obtained have since been 
generally used, not only in this, but in other coun- 
tries. Tredgold’s works (on Carpentry, Strength of 
Timber, d:c.) show a very great aptitude in Applying 
the results of science to practice, and an acquaint^ce 
with both which is rarely attained. Mr Eaton Hodg- 
kinson has ma<le many valuable additions to Tred- 
gold's work, and has contributod an excellent paper 
on the strength of pillars to the Philoiophieal Trans- 
actions (1840.) 

( 3 .W.) indebted for a 

Oeoni«try useful investigation (in the Manehester Transae- 
of the tions^ into the hgurc assumed by the chains of sus- 
satenary. pension bridges. The elegant properties of the 
simple or geometrical catenary were fully Investi- 
gate a century and a half since by the Bcmouillis 
and by David Gregory, but the application of sus- 
pended structures of immense weight to purposes of 
utility su^cested new problems. Amongst these, 
perhaps the most interesting was the Mtenary of 
uniform strength^ In which the section of the sus- 
pending chains is made everywhere proportional to 
the strain which they have to resist at that particu- 
lar point. Its equation was investigated by Mr Da- 
vies Gilbert in 1820. An elegant and valuable con- 
tribution to the geometry of catenarian curves was 
made by the late Professor Wallace of Edinburgh,’ 
with pi^icular application to curves of equilibration 
for bridges of masonry after the ingenious manner 
of Robison mentioned in Art. (334). 

In connection with suspension bridges, and also 
M. B*vi«r. with researches on the yielding of elastic materials, 
wc must record the name of M. Navicr, a very 
eminent French engineer and writer on practical 
and theoretical mechanics. His work on suspension 
bridges (1823) is one of the earliest and best. He 
is also well known for his phyMco-mathematical re- 
searches on the yielding of elastic solids to pressure 


under given circumstances, in the course of which he 
came into collision with Poisson, who gave a some- 
what ditTercnt theory. The subject is one of ex- 
treme dilBculty, owing to our ignorance of the 
molecular constitution of bodies ; and it is believed 
that all these investigations were so far erroneous 
that they were based upon the assumption of a stn<//s 
constant to represent the resistance of bodies to 
change of form and dimension. These (form and 
dimension) arc two very diirerciii things, and require 
distinct treatment* British mathematicians have 
lately paid much attention to these enquiries, with 
the prospect of a solid improvement in engineering 
theories.* 

The art of bridging over great spaces has been (366.) 
pushed, by the requirements of the railway sVstem, to Itoiwit 
an astonishing extent, and under circumstances of ^**f****”* 
peculiar difBeulty. 1 shall connect these improve 
menu with the name of Mr Robert Stephenson, 
the inventor of the Tubular Bridge, a work which, 
in its very simplicity, is a triumph of art, and being 
nothing more than a h<^w bcom of somewhat pecu- 
liar construction, supported at the ends, it is an ad- 
mirable instance of a structure of which the stability 
may be easily reduced to calculation. 

The wooden bridges of Switzerland were for a long 
time unequalled as skilful works of carjicnlry. Durine 
the lost century the Rhine at SchatThaiuenwas ctosimnI 
by two spans of 171 and 193 feet. At Trenton, in 
America, the river Delaware is crossed by a wooden 
bridge, of which one arch is 200 feet in span. It is 
on the bow principle, an elastic wooden arch, convex 
upwards, being skilfully braced and united to a level 
roadway passing through the spring of the arches. 

The American lattice bridgo, very simply and skil- 
fully contrived, has great firmness, owing to the depth 
of the framing, and exercises no horizontal thrust on 
the piers. The widest spanned wooden bridge in the 
world, 340 feet, across the Schuylkill, at rhilodel- 
phia, designed by Wemwog, combines the bow and 
lattice principle. 

In these we might see foreshadowed in some faint ( 357 .) 
degree the principle of the Tubular Bripob, theTh*toiiuiw 
greatest discovery in construction of our day. But 
in reality the idea of it arose from a different con- 
sideration. 

During the first ten or fifteen years of railway ex- (368.) 
perience, engineers had gradually acquired a correct 
perception of the manner in which cast and wrought bridge*, 
iron may most effectually and economically be formed 


^ E>UnlmrffK 7Van»actioiu, val. xir. 

* About twsntjr jew ago. tb« prrwint writer abowed that India rubber, wbkb poaaesaes to each a remarkable extent tbe 

quality which nay be tamed jUMhUity, U yet aoarcely at all conpreMibU - in fact, juat aa much aa watar, and no more. 

Though not otfaerwi** publUhed. be bee been in the habit uf demonttrating tbia in bia annual courae of lerturee. 

* Profeeaor Btokea in Camt-ridif* TranHutiom, Tol. vUi. ; kir Clerk Maxwell in Kdmbtifyk eol. xx. Mr M. 

Rankine In aiuf 2>iiSlin MatA. Juumal for J861 and 1852. Kxparimental data are atUl dellclant; but M. Wertbeim 

baa lately publuhrd aome raluable oo«« (which are ttUl in progreaa) in tbe Anmcil4$ <#a 


Digitized by Google 



Chap. IV., § 3.] 


MECHANICS. — MR STEPHENSON. 


79 


iot4) ^Irdors or beamt supported at the end.s, and 
adapteci for sustaining enormous loads. Such lioams 
vrero constructed, olVen of single castings, so os to in- 
clude three portions ; an upper a lower 
and a u>r6, or thiunervcrtical plate connecting the two. 
The relative section of the upper and lower tlango was 
made to vary with the material. In cast iron, which 
yields far more easily to tensile than to compressive 
strains, the lower flange should be almost incom- 
parably greater than the upper; in wrought iron a 
slight predominance should be given to the upper 
flange for the converse reason. 

(359.) Hence it will be easily understood how, when Mr 
The idmof Itobort Stephenson was desired to construct a rail- 
way bridgp across the Menai Strait, — subject to the 
rirodfrom onerous condition imposed by the Admiralty, that it 
ibem. should (even M the abutments) be without lateral 
struts or diagonal pieces below the roadway, — he 
should have enteruinod the idea of a gigantic girder 
with a top and bottom flange of proportionate extent, 
with a deep wel> uniting them, or rather of two such 
girders plorctl side by side, thus forming square 
tubes, of which the lower flanges should constitute 
the bottom, the upper flanges the top, and the two 
ii}«bs the sides. 

(360.) It is not for me in this place to explain bow, step 
Profn^ ofby step, the idea of a tubular bridge of wrought iron 
t^ioveo- nagmmyl the practical shape, now to be seen at Con- 
way, and near Bangor, in North Wales. It is un- 
fortunately notorious that there has existed an un- 
happy rivalry os to the share of merit due to the 
several persons who of necessity were jointly con- 
cerned in the completion oven of the design of these 
astonisluug works. Unfortunately for Mr Stephen- 
son’s tranquillity, the tremendous responsibility of 
this novel, gigantic, and costly experiment, was 
thrown upon him during the very height of the com- 
mercial and engineering excitement (not unjustly 
called man»<i) which prevailed in 10-15 and 1840, on 
the subject of railway projects. Instead of the un- 
intcmipted leisure which ho required to superintend 
his preliminary experiments, to consider his plans, 
and perform his calculations, Mr Stephenson, os well 
as every other engineer of eminence was at that time 
engaged all day and a great part of the night in the 
unparalleled worry of Parliamentary contests. As a 
matter of course, much was trusted to able, confi- 
dential, and highly paid assistants. The expennients 
on models of diflervnt forms, which alone cost many 
thousand pounds, could not all be conducted in the 
presence of the chief engineer. Yet he alone was 
responsible for the failure or success of the plan. 

(361.) The comparatively great strength of tubes was 
Thsoella- n fact known from the lime of Galileo. Their de- 
feet was a liability to crumplo or pucker. Round, 
oval, and rectangular tubes were tried, and the last 
(Mr Stephenson’s original conception) were, os might 
be supposed, found to be stronger than the other 
two. When supported at the ends, and loaded in 


the middle, model tubes of this form invariably gave 
way at the top. How to strengthen the top against 
compressive strains was the question. The exces- 
sive stiffness of corrugated iron and zinc plates (long 
previously used for roofs) came to the engineer's 
assistance. A combination of two longitudinally cor- 
rugated or gogcTtd wrought-iron plates running 
along the top of the model, and forming long and 
nearly cylindrical cells, was found to give the re- 
quired stifliicsB with the least increase of weight. 
Ultioiatc-ly a square arrangement of cells was adopted, 
principally to give facility for painting aznl repair. 

The tubes were hindered from rodb’it^ by means of 
numerous wronght-iron frames employed to stiffen 
them, whose section resembled tJie letter T, and which 
were calle<l T irons. Suitable diaphragms were also 
inserted at short distances along the tubes. Tho 
widest spaces to bo spanned at the Mcnai Strait wore Dimroiionf 
4G0 feet, there being two intervals of this width, and sod 
two of 230 feet. The tubes are 30 feet high and 14 
brood, containing a transverse section of about 1 500 ^ 

square inches of wrought iron. The weight of one 
principal tube is about 1460 tons, and its strength, 
measured by the breaking load at the centre, a^vc 
2300 tons. This last number is calculated from the 
experiments on the breaking weight of models, one of 
wMoh wason no leas than asixth of thetrue scale. The 
boiler-plates, of which tho tubes are compose<l, are 
united by mechanical pressure by means of hot rivets; 
and it may safely be affirmed that without this ingeni- 
ous and perfect method of combination (which is duo 
to Mr Fairbaim, who had previously obtained a patent 
for it), the structure would have l^n impossible. 

The succeu of this astonishing piece of engineer- (363.) 
ing has been complete ; the slilfuess of the tubes, 
whether imdcr constant pressure or during the rapid 
transit of trains, is almost incredibly great. 

To Mr Robert Stephenson is clearly duo tho credit (.363.) 
of undertaking, on his sole responsibility, a project 
of equal boldness and novelty, and of contriving, not 
perhaps in every detail, but in its totality, the means int^tor ; 
by which so signal a triumphofartandof science was 
carried into cfl’ect, an honour to his own age, aud a 
lesson to posterity. To Mr Fairbaim and MrHodg-M»Jst«J 6y 
kinson, his assistants, selected by himself much praise 
is also due for the manner in which the experiments nodg. 
were managed, and the principles established by these kiown. 
educed. Mr Fairbaim, a practical engineer of Man- 
chester, Well known for his experience and sagacity, 
gave to Mr Stephenson, os a matter of honour, the 
fill] lienefit of both ; and his confidence in the result 
helped no doubt to sustmn the manly courage of his 
principal amidst a storm of opposition. Mr Hodg- 
kinson, well known for his able enquiries into the 
strength of pillars and girders of different forms, 
conducted the mathematical enquiries, and deter- 
mined the relative strengths of the models. His con- 
fidence in the result was less encouraging than that 
of bis coadjutor, which serves to show the greatness 
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of tho rcaponsibility of the enfinccr-in-chief. At 
neither Mr Fairbaim nor Mr Hodplcinson could hare 
incurred any just blame had the vast structure when 
on the eye of completion doubled up under its own 
weipht, and blocked up, perhaps for ever, the nari- 
fpition of half the Memu Strait, so neither can they 
possibly claim more than a subortlinate share in tho 
success of tho undertaking.^ 

I shall hero only refer to tho work of Mr Edwin 
Clark, tho resident cnpocer of tho Britannia Brid^ 
for farther details of its principles and construction, 
and to the report of a royal commission (pnhlishcd 
in 1B49) on the application of iron to railway struc- 
tures, for many curious researches connected with tho 
subject of this section. In particular, wc Hnd a tboo- 
rctical and practical solution of the very delicate pro- 
blem of the influence of the s|>ced of passinj^ loads on 
the defection of bridges, to which Professors Willis 
and Stokes, and ColonelJames,R.E.,are contributors. 

Mr Robert Stephenson is the son of Mr Georg;e 
Stephenson, who will bo mentioned in a succeeding 


section. He was horn in 1803; educated (in part) at Oibtr 
the University of Edinhnigh, under Leslie, Hope, and 
Jamr.son ; he long occupied the chief position in the pb*a»oa. 
locomotive factory established by his fother at Kew- 
castle, having in the first place constnicted under 
his direction tho celebrated ** Rocket” engine which 
gained the prize at the opening of tho Liverpool 
and Manchester railway. To his own exertions, 

Iwth liefore and after that period, the locomotive 
owes much of its present perfection. He aun'oyod 
and principally carried through the London and Bir- 
mingham railway, tho second great line in tho king- 
dom ; and ho has l>oen engaged in a largo proportion 
of the most remarkable engineering works connected 
with railways, both in this country and abroad. He 
has personally superintended Um construction of 
railways amidst tho blowing sands of Egypt, and in 
Norway with its heavy winter snows and deeply frozen 
soil. ILs kigh personal character, both for skill and 
integrity, has everywhere procured him the respect 
and confidence of his profession and of the public. 


I 4. BnUNKb. — Sdf-acting Machinery. — The Thames Tunnel . — Mr Babbagk’8 Calculating 

Engines. 


Sir Marc Isamr.iht Brcnel, bom at Hacqucvillo 
in Normandy on the 26th April 1769, was one of tho 
most inventive mechanicians and engineers of his day. 
As his genius gave a strong impression to contera- 
|K)rary art, wo associate his name with the progress 
of civil engineering in tho earlier part of the pre- 
sent century, particularly in connection with me- 
chanism. Like most of his eminent coevals in the 
same profession, he had not the benefit of a scien- 
tific education ; but he more than most of them sup- 
plied its defects by a singular capacity for correct 
induction and by great mechanical ingenuity. Thongh 
a liativc of France, it was in Groat Britain that his 
talents were to find their full scope, and it became bis 
thoroughly adopted country. 

Disgusted by tho horrors of the first revolution, 
he quitted France in 1793 in the capacity of a com- 
mon sailor, a position far below that which either his 
birth or his intellect entitled him to hold, yet in 
which he marie himself remarked by his excellent 
ilisposition and mental superiority. His destination 
was New York, where in 1794 he commenced his 


career as a civil engineer, his boyish tastes having 
alreatly indicated this as his natural calling. He exe- 
cuted some considerable works, and planned many 
more ; it is stated that he there devis<^ the essential 
parts of his block machinery. About 1799 be decidc<l 
on settling in England. 

It is probable that his talents and ingenuity alone 
rocommende<l him to a government employment at a 
time when the mere fact of his being a Frenchman 
mnst have acted as a powerful obstacle to his suc- 
cess. Those who recollect tho vivacity and bright 
intelligence of even hU later years, will understand 
that in his more active days it must have been diffi- 
cult to refuse Brunei at least a hearing. And it is 
to the credit of Lord Spencer, then one of tho Lord.s 
of the Admiralty, and of Goneml Sir Somnel Ben- 
tliam, inspector of naval works, that Brnnel was en- 
gaged in 1802 to superintend the erection of bis cele- 
brated block machinery. 

The invention of self-acting machinery to super- 
sede the work of artisans was of course not new. 
The saw-mill and tho spinning-jenny were already in 


(368.) 
Employed 
bjr Uie Kog- 
Ibdi go- 
vernment. 


(369.) 

8«ir<4ctiag 

luacbincrjr. 


* It hu been nllegeJ tbet Mr Stephenson** onginnl propowl to silow the •utpention chain* (which were primarily intended to 
be need in putting together the tab^ in their final poeitioni) to remain la aid of the rigiditj of the atructure, manifetied a 
want of eonficUioee in hi* own great idea. Bat a diipaaeionatc consideration of bla evidence before the committee of the 
llotiae of Commona would alone clearly ahow (Indepecdeitt of Mr Hie]>hen»on'a dcclaratlona on the •abject) that he was 
forced into the adreiwion that the chain* might give an ulterior guarantee against mlacarriage of the whole plan, limply to aave 
Ui« bill from being thrown out by the not UDnalural incredulity of thoec to whom a prtq>oaal*o new, ao gigantic, and affecting the 
liveseff ao many peranos, aa well a* ao great pecuniary and other interevta, was for the first time and luddenly proposed. Be- 
ftidea tbii, even hi* own coadjutors did not all entirely tupport him. Mr Hodgkinaon. whose character for fcientUic know- 
ledge cmrrled great weight with the committee, recommended io bla report the ultimate additloaal aecuiity of ebaina. 


Digitized by Google 


Chap. IV, § 4.] 


MECHANICS. — BKUNEL — MR BABBAGE. 


81 


UBe, but tbo invention of Brunei was not less im> 
portant as creating an epoch iu art. Not only is 
it possible to execute in a comparatively short 
time, and with a prodigious economy, objocts such as 
blocks and pulleys, wliich are required in vast num- 
bers and precisely alike, but the nicety and accuracy 
of the manufacture is thereby incrca^, and owing 
to the facility with which inanimate force may be 
concentrated on machinery, works which transcend 
the power of unaided muscular labour are as surely 
and exactly executed as those of smaller dimensions. 
For example, by no enlargement of the common 
tuming-lalho would it be possible to construct an 
accurately turned iron steam-cylinder 8 feet or more 
in diameter, which is yet readily executed under the 
direction of a very oidinary workman by means of 
steam power and self-acting machinery. 

(370.) I'ke block-machinery at Portsmouth consists of a 
Th« block- series of engines impelled by steam, and by means of 
madiiDcry ; which the materials of wood and metal employed in the 
construction ofships^blocka arc reduced to exact forms 
in graduated sizes, and are finally put together with 
very little manual labour. These machines, with the 
exception of the turning-lathe and circular saw, were 
wholly new, and, it is stated, were dodsed in part by 
General Rentham, who gave to Brunei at least the 
benefit of his advice and previous experiments. In 
some of them we have the first germ of im]>Iements 
DOW usc<l by every maebine-roaker in the kingilom ; 
and the ingenuity of the movements, and the variety 
of clFects product, earned for this great invention a 
just celebrity. Such a beginning could not have 
been made without the aid of government. To con- 
struct the tools was an expensive and troublesome 
business, and to stare the manufactory cost L.53,000, 
which was speedily saved by the economy of the pro- 
Ita rMQlu. ocas. In the course of a year 140,000 blocks of no 
less than 200 dificront patterns wore produced, and 
the number of workmen was diminished in tho pro- 
portion of about 1 1 to 1. Asa reward, Mr Brunei 
received L.1G,000, being two-thirds of the first year's 
saving, itself a sufficient proof that he was the bonn 
JUie inventor of this admirable apparatus, whatever 
bints he may have received from his immediate su- 
perior. 

(371.) So successful an experiment produced ultimately, 
pftTs to though with characteristic slowness, its effect on the 
mercantile world ; nearly twenty years elapsed before 
such a splendid example of ingenious eoouomy and 
artistic precision was at all generally imitated. Yet 
before his death, Sir Marc Brunei saw the fruit of his 
ingenuity almost indefinitely multiplied in the work- 
shops of London, Manchester, Glasgow, Newcastle, 
and Birmingham, and highly appreciated if less ex- 
tensively imitated abroad. 

(372.) Xhe more wc reflect on the comparativn state of the 
® century ago, the more wc shall find 
ebaaiftn rcosoQ to estimate highly the introduction of correct 
into work- and scientific ideas of machinery and of tools for con- 
•hopt. 


Btnicting other machines and structures. It was, to 
fact, the necessary coraplemoni of tho invention of 
the steam-engine. Watt contrived the mighty Heart 
which was to give a new impulse to social life, Bru- 
nei and others of the same stamp added limbs and 
muscles, whereby its energies were rendered tho- 
roughly practical. Tho sixteenth, seventeenth, and 
part of tho oightoenth centuries, had given to the 
world designs for countless mechanical contrivances, 
often highly original and ingenious. But many 
were grounded on fallacies, and others belong to 
tho class of elaborate trifles. At that period tho 
slide-rest of tho turning-lathe, the planing machine, 
and the circular saw, wore practically unknown ; at 
least tho two former, which are incomparably tho 
most important inventions of their class, and which 
belong to no certain author, having almost imper- 
ceptibly come into use-^hc sUde-rcst about thcSlid«.rMt 
end of tho last century, tho planing machino as 
lately os about 1820. The former of theoc >^^idily 
forms surfaces of revolution with geometrical accu- 
racy, the latter plane surfaces, an<l in cither case 
the application to metals is most important Tho 
circular saw and slidc-rest form part of Brunei’s 
series of machines, and he afterwards constructed the 
fonner on a very great scale for the manufacture of ' 

wooden veneers. To them ho added the morti.sing 
machine, and these, it ^rill be seen (together with the 
planing engine), form the staple of tlw magnificent 
and varied apparatus with which, driven by the gi- 
gantic power of steam, onr mechanical factories are 
now so generally provided. Wo again repeat that 
tho triumphs of art in which uur generation glories, 
our railro^s, our locomotives, our crystal palaces, 
and our steam navies, would have been impossible 
feats but for tbe improvement of tools and the substi- 
tution of steam for muscular power. 

Every one is, however, aware that Brunei owed his (373.) 
reputation to other achievements as well as his im- Th«Tham«*ii 
provements of mechanical tools. The Thames Tun-'^‘‘““**' 
ncl will ever be considered ns his most arduous tri- 
umph. It is a structure of exquisite firmness laid 
in a quicksand. It will endure like tlie cloaca of 
regal Home, when the palace and the cathedral bare 
crumbled to dust. Yet here also we perceive that 
it was Brunei's exquisite mechanical tact and ing^ 
nuity which enable him to succeed. The problem 
of the tunnel is not one of balancing vaults ; the sta- 
tical conditions of stability arc simple enough, and 
it was not in the solution of such that Brunei pecu- 
liarly excelled. Tho practical problem was to intro- 
duce a rigid tube of brick horizontally into the 
middle of a quaking mass of mnd ; and the solution 
was the invention of a tool which should enable men 
to make the excavation and to proceed with the 
building in safety. It was the ghietd which carried Th« «Ai^. 
the tunnel under the Thames, — a moveable vertical 
frame of cast iron, provkled with thirty-six cells, in 
each of which a man was placed with a pick to ex- 
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cavatc tlie area requinxl for tho constructioD of llio 
tunueL By a aimplc but most ingenious contriruncc, 
crery part of the face of unstable clay wa-s firmly 
«upporte<l by boards which leane«l upon the frojne or 
shield, which, in iu turn, pressed Oj^inst the part of 
the brickwork of the tunnel already completed. Each 
workman could remove one or mure uf these small 
boards at pleasure, and excavate a short way into 
the yielding njass liefore him, then advance the boards 
and sustain the slippery face. ^Vhen the whole face 
liad tlms undergone piecemeal excavation, the frame 
or shield was moved bodily forwards by powerful 
screws, and the bricklayers brought up the masonry 
behind, which was then beyond the reach of injury. 

^374.) The idea of the shield was derived, it is stated, from 

Cnmpl^tioii a specimen in the arsenal at Chatham, showing the 
e tun- operations of a testaceous worm which bores under 
water, and w hich nature has provided with a protec- 
tive covering. But the analogy is certainly indirect, 
since water could liordly retard the operations of 
such an animal. Kcpeati^ irruptions of the Tliomes 
several times drowiuJ the w'ork, which was as often 
ahnndonc«l and renewed, but every diiltcuUy was met 
by fresh resources on the part of the enginwr. The 
failure of funds was a far more serious obstacle, and 
government at last came to the aid of an undertak- 
ing of such consummate ingenuity that its compic- 
lion was deemed due to the honour of the iiatiou. 
The tunnel was commenced on the 2d March 1825, 
T)^th of and finished 25th March 1843. Brunei survived the 
Brunei. completion of his great work alwve six years, dying 
on the 12th December 1849, agwl 61. 

(375.) IVe have not in tins brief sketcli glanced at one 
ingenious projects and successful enter- 
prizes. Scarcely any branch of his multiform pro- 
fession but receive*! some improvement at his hand. 
The discovery of the condensation of several gases in 
1823, hyMr Faraday, suggested to Brunei their ap- 
plication as a moving power; and his want of suc- 
cess did not arise from any deficiency on his part of 
skill or forethought lie was one of the first to con- 
struct a roof of extreme lightness, somew hat resem- 
bling those now in use for railway stations. lie 
erected a suspcn>ion bridge in the Isle of Bourbon 
on on original plan ; and he pointed out with cha- 
racteristic shrewdness how much uf the stability of 
arches dejionds upon the cohesion of the parts, so 
that the vault may in some cases be entirely dis- 
pensed with. 

(376.) It will l>o understood that we have selected Sir 
Marc Brunei ns the reprc^enialivc of a class, the 
eminently mechanical engineers, a class now exten- 
sively multiplied, and amongst whom his son, Mr 
Brxincl, occupies an eminent position. 

(377.) It cannot be cx|>cctcd in on essay like llic present 
that I should enter into the details of the variety of 
rMriM of iQnchanical inventions which have now liccome so 
Mr b«i^ numerous, and which have been marked by every 


gradation of originality and resource. But as illos- 
traliug a class of contrivances altogether dilTcrent 
from those of Brunei, though like them tending to 
produce a groat inilucncc on the improvement of Uie 
meclmnical arts, I will briefly refer to the Calcu- 
lating Machines of Mr Babbage, which have at dif- 
ferent times excited the interest of the public and of 
scientific men. 

31r Babbage was a fellow student at Cambridge (378.) 
with Sir John ilcrschcl and Dean Foacock, and along 
with them he contributed by his writings and 
sonal efforts to introduce into that university the 
improved Continental mathematics. Afew years after 
leaving college he originated the plan of a machine 
for calculating tables by means of successive orders 
of differences, and having received fur it in 1822 and 
the following year the support of the Astronomical 
and Boyal Societies, and a grant of money from go- 
verDroont, he proceeded to its execution. It is be- 
lieved that Mr Babbage was the first who thought 
of employing mechanism fur computing tables by 
means of differences ; the machine was subsequently 
termed the difcrtnce engine. In the coarse of his 
proceedings Mr Bablmgc invented a mechanical no- 
tation (described in the J^hiloeophical Traneactione 
for 18261, intended to show the exact mutual rela- 
tions of all the |Mirts of any connected machine, how- 
ever complex, at a given instant of time. He also 
made himself acquainted with the various machines 
used in tlic arts, with the tools used in constructing 
them, and with the details of the most improved 
workshops. Employing Mr Clements, a skilful me- 
chanist, a portion of the calculating machine, very 
beautifully coiistructid, was brought into working 
imler, and its success so far answered the cx|»ccta- 
tiona of its projector. But, notwithstanding several 
additional grouts from govemiiieut, the outlay on 
this most expensive kind of work soon cxcec<led them. 

The |Mirt actually constructed is now placed in the 
Museum of King’s College, London ; it employs 
numl)crs of nineteen digits, and effects summations 
by means of three orders of differences. Though 
only coustitutiiig a small part of the intended engine, 
it involves tJie principles ot the whole. The inventor 
proposed to connect with it a printing apparatus, so 
that the engine should not only tabulate the num- 
bers, but also print them beyond almost the possi- 
bility of error. 

At this stage (1834) Mr Babbage contrived a ma- ( 379 ^ 
chine of a fur more comprehensive character, which Tli* anatf^ 
he calls the Analytical Engine, extending the plan''f®^“* 
so as to develop algebraic quantities, and to tabu-^”*’ 
late the numerical value of complicated functions 
when one or more of the variables which they con- 
tain arc made to alter their values. Had this engine 
been constructed, it would necessarily have, super- 
seded what had already been done. Government were 
not unnaturally startled by this new proposal, and 
as about the same time Mr Babbage’s relations to 
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Mr Clements were broken off, the tlifRcultice of the 
alfalr became insurmountable, and the construction 
of eitlicr engine has for some years been in abeyawoe. 
The opinions uf men of science are not unanimous 
as to the great practical importance of calculating 
tables by machinery, hut the improvements of me- 
chanical contrivance which the joint skill of Mr 
Babbage and Mr Clements introduced into engi- 
neering workshops arc unquestionably of great impor- 
tance to the arts. Though the details of Mr Bah- 
hage’s plans have not been published, there can l>c 
no doubt that, whether economical or not as sulw 
stitntions of machinery for human labour, they were 
devised witli remarkable skill and ingenuity, and even 
on this account merit preservation.^ 

(3W.) Recently (1855) attention has been directeni in 
M.Sch«uti London to a simple and effective Difertnee Engine 
«n^n«. constructed! and patented by M. Scheutz, confessedly 
on the principles of Mr Babbage, though without au 
^ acquaintance with his mechanical contriraneva. The 
result U stated to be satisfactory. The engine deals 
with 6Rccn digits or figures, and with four orders of 
differences. Only eight figures are preserved in the 
result, the others being reserved to prevent errors 


arising from the accumulation of still lower digits 
omitted. The engine not only computes with facility 
and accuracy, but, by means of steel punches impress- 
ing lead, provides fur the perjictuation of the num- 
bers in the form of stereotyped plates. The work- 
manship of the whole requires no particular nicely 
of execution, is not liable to derangement, and can by 
scarcely any contingency produce inaccurate results. 

Before closing this sociiou, we may advert to im- (381.) 
provementa in the theory of machines by those who 
have regarded it rather from the geometrical 
than from that of routine practice. Our French of res- 
neighboura have been distinguished in this respect, ebiue*. 
Carnot and Dc Prony, MM. Hachette, Poncelet, and 
Morin, have been or are occompUshed mcchauists in 
this resjicet ; and in the French rc|>ertorics we must 
look for some of the earliest good scientifie descrip- 
tions of machinery, even wlien of English invention. 

In England, Ix^ides Mr Babbage, Professor Willis (383.) 
of Cambridge has shown a jieculiar aptitude in this 
department, and has published a very valuable work 
on machinery, regarded in a strictly geometrical scnsc.^ 

To Mr Moseley wc are likewise indebted for some va- 
luable contributions to the theory of engineering. 


§ 5. TaaviTHiCK. — George Stephenson — The Locomotive Steam-Engine* — Rise and Progress 
of Railwaye. — M. de Fambour on Locomotives. 


(383.) 
Tbs loco- 
motive eo* 
gtoe aad 
rail WSJ. 


(38t.) 

Rsrlj snti- 
cipslioa 
of stssin- 
csrrlsgM. 


Of all the inventions which have powerfully af- 
fected the interests of mankind, none have been more 
slowly perfected, or can be less certainly traced to a 
single individual as the inventor, than those of the 
Locomotive engine and the Railway. These two great 
and essentially connected portions of the greatest 
mechanical and commercial effort of any age or 
country had their origin in obscurity. Each ap- 
peared several times to be rising into the import- 
ance it deserved, but failing the concurrence of 
the fortunate circumstances which arc necessary to 
give permanence to invention, was once more for- 
gotten and was left for re-discovery at a happier 
epoch. 

With reganl to Steam-Carriages, passing over still 
earlier speculations, we find that Dr John Robison, 
at the age of twenty-one, published a design for a 
steain-carriagc in the Univtrsal Mogmiru for No- 
vember 1757 , and tliat lie also directed Mr Watt's 
attention to the steam-engino in the same year, with 
a view to this very application. The cylinder of the 
proposed machine was an inverted one, and Watt ac- 
tually made a rude model on Robison^s suggestion.* 
From this time the steam-carriage seems never to have 


been long lost sight of by mechanical speculators. 
It was included in a patent by one Moore, a linen 
draper, in 1769.* In the same year it is stated that 
Cuguot, a native of Lorraine, actually constructed 
a steam-carriage, which, like the nearly contemporary 
but unsuccessful efforts of his countrymen to effect 
steam navigation, fell speedily into oblivion. About 
1773 Edgeworth of Edgeworthstown urged the con- 
struction of steam-carriages, and at a later period ex- 
pressed, in terms of unequivocal anticipation, the 
triumph arising from their connection with railways. 
“ I have always thought,” he wrote in 1813, ”that 
steam would become the universal lord, and that we 
should in time scorn post-horses. An iron railroad 
would be a cheaper thing than a road on the com- 
mon construction.” At Soho the movement of car- 
riages as well as of lioats by steam never was or could 
be foigotten. In Watt’s patent of 1704 the steam- 
carriage forms the seventh article, and in the 
year' Mr William Murdoch, a member of Boulton 
and Watt’s establishment, made a model, acting by 
higb-pressuro steam, which drove a small waggon 
round the room. Hence it required no prophetic 
power in Darwin, the intimate friend of Watt, to 


* F«r blatorial detail* coanoct«d wiUi Mr Babbo^'s trigtos, m Weld's HUu>ry <sf tk$ R*>yal Sotkty, vol. U. An teeouot of 

the principle* end ection of tbe nifTerence Engine may be fou^ In tbe Edit^ryk Am'ew for July 1834 ; and tbOM of the Ano- 
lyUnd Engine In Taylor't vol. lU. 

* EriiuipUt of Ceiob.. 1841. * M*<kanieal /nv<w(io«u of Jamt* TTntt, il. 294. 

* J/w4<an»crtl /nvMli'onr of JaoiU Watt, i. 58. * Trantlation of Arope’i Eiogt of B'otl, p. ISO. wole. 
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write thou often quoteil lines in the Botanic Carden 
(canto i. line 290) : — 

Soon ihAll tblne Arm, ui)cofW]a«r«d 8t««in, afar 
Drag tb# alow l>arge. or driv« tbe rapid car.” 

(388.) A somewhat longer pause now occurs. But in 
1602 we find Richartl Trevithick, a Cornish “cap- 
viao- tb«lr^*‘® ” ^ mine, taking out a patent along with Vi- 

t#iii io vian fur the liigh-pressuro steam-engine, and apply- 
iog it s{H.'cifically and practically to the movement 
of carriages or waggons along a railway at Merthyr 
Ty«lvil in South Wales. Mr Muirhead informs us 
tliat Trevithick saw Murdoch's model at Ilexlruth in 
Cornwall. But admitting this, it is plain that the 
idea was much older still, and also that many years 
elapsed without its ever lieing brought practically 
to bear until the year 1804, when Trevithick’s loco- 
motivo was actually used. 

(3S6.) Richard Trevithick ap^wnrs to have been one of 
the most ingenious men of his time; but (from the 
scanty uotioes which 1 have l>een able to collect') to 
have been also of an inconstant speculative disposi- 
tion, which prevented him from bringing any of his 
numerous inventions to perfLction. Yet he had the 
good fortune, which so many inventors have missed, 
of meeting with partners able and willing to assist him 
in carrying out his designs. Amongst these was 
Andrew Vivian, with whom in 1802 he took out the 
patent alreaily mentioned for the construction of high- 
pressure engines, and their application to the move- 
ment of carriages along rails or common roads. As 
the first practical employer of high-pressure steam of 
— ^ 1**^**“*^' on the square inch, Trevithick 

to iocutDO' deserves cs|H’ciaI notice, lie borrowed the notion of 
tiT«* oo it, as well as the ingenious invention of the four-way 
scheme of Ijcupold’s, but he over- 
came for the time the prejudice which ha^l always 
existed even in the mind of Watt against its ^op- 
tion. His earliest engine is stated to have been con- 
nectol with a common stage coach which ran on the 
streets of London ; but his more successful and im- 
portant effort was maile in dragging wagons along 
the Merthyr Tydvil railway in South Wales, which 
was successfully tried on the 21st February 1804, 
when the engine drew carriages containing ten tons 
of bar iron for a distance of nine ntiles at tiie rate of 
five miles an liour. This was unquestionably the 
first successful example of this mo^lcrn species of 
locomotion. 

more closely at the means by which it 
bis engine. accomplishe<l, we find still more reason to com- 
mend the sagacity of the inventor, and to wonder at 
the interval of nearly thirty years which elapsed be- 
fore the general adoption of his plan. “ A square 
iron case containing the boiler and cylinder was placed 
behind the large or hinder wheels of the carriage, and 
was attached to a frame supported from the axles of 




AppUat 

higb-pr*s- 


those wheels. The cylinder was in a horizontal po- 
sition, and the piston-rod was projected backwards 
and forwards in the line of the nuid towards the front 
of the carriage. Across the sqiiwre frame, supported 
by the wheeU of the carriage, an axle was extended 
reaching a little beyond the frame on each side ; this 
axle was cranked in the middle, in a line with the 
centre of the cylinder, and a connecting-rod passing 
from the end of the piston turned this axle round, 
and pru<lucc«] a continued rotatory motion of it when 
the piston was moved backwartls and forwards in the 
cylinder ; upon both ends of this axle cog-wheels 
were fixed, which workefl into similar cog-wheels 
upon the axles of the wheels of the carriages, so that 
when a rotatory motion was produced in the cranked 
axlo by the pi-ntou-rod it was communicated to the 
axle of the larger or Kinder whi'els of the carriages, 
and these wheids being fixed upon and turning round 
with the axle, gave a progrssive motion to the car- 
riage. Upon one end of the axlo was fixed a fly- 
wheel to secure a rotatory motioa in tbo axlo at ibe 
termination of each stroke.”* 

We hero find the cranked axle and the horizontal (388.) 
cylinder of modern locomotives, both of which were 
departed from by Trevithick himself, probably in 
coDsequenee of difficulties of execution. When we 
add to this plain description, that the Hy-whee) was 
furuisliid with a break, that the l>oiler had a safety- 
valve or a fusible plug beyond the reach of the engi- 
neer, and that the }>atent includes the production of 
“ a more equable rotator}’ moliuii, .... by caus- 
ing the pistcm-rods of two cylinders to tvork on the 
said axis by means of cranks at a quarter of a turn 
asunder,” it is scjircely too much to say that nothing 
material was mldoi to the design of the Locomotive 
until tlic invention of the tubular boiler in 1829. 

The McrUiyr locomotive blew up, and the preju- (389.) 
dice against bigh-presRure steam reriv«l. The in- 
ventor, in the meantime, diverted bU attention 
other schemes, and continued his profession as apiodM. 
Cornish mining engineer. 

A singular circmnstaiiee ojtcncd for Trovichick a (39o.) 
now sphere. A Spanish-Amcrican gentleman named *8" *ob*«. 
Uville, who was ciigagi’id in working the silver mines 
of IVru, came to England in 1811, with a view 
iliscover an engine fit fur draining those mines whose mem. 
high elevation rendered condensing Bteam-engincs 
working under atmospheric pressure comparatively 
inert. In Lond<m he met accidentally with a mo<]el 
of Trevithick’s engine, and having carried it to the 
heights of Pasco in Peru, and lieing satisfied with its 
work, he did not rest until he h.id n.4tirncd to Eng- 
land and trau»jw)rtcd nine high-pressure engines in 
1814 to tlio scene of operations. In 161G Trt^vi- 
thick himself follower!, with coining engines and pu- 
rifying furnaces of his own contrivance. Had be 


* It U itAtvd thftt til* Society of Civil 41agla^r« hsv* in vain proposed * niPf]*! for n. biogra{^y of TroviUiick. 

on /taifuKtiTA. Tbi* doKriptioa corrMjKitKl* with Tr«vjthl<ik'» fpecifleation *ncl Unwings , — lUpartvry */ ArU, Ac,, So- 
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boon a pnulcnt man his fortune novr mmlc ; but 
It is stated that almuC 1827 he rcturue^i to this 
country imporcrished and disappointed. I ant un> 
acquainted with his further history. 

C8®1> In the meantime the locomotive ensfine, which 
Trevithick had loncf alKmdonc*l to iU fate, was be- 
coming; known in the hands of a man perhaps of less 
genius hut of greater sagacity and pcTseveranco. 

(392.) Gkobok Stepiibxso.h, civil engineer, wa.s bom in 
OMrgcSu- lyfto Xewca.«tle, of respectable persons in the 
** * humblest rank oflifc. His father was either a com- 

mon pitman or otherwise employed about the eoUier- 
of the district, and young Stephenson, without 
any ndvnnti^^ of education, began to labour for his 
bread at an early age. His work appears to liare 
been always connecie4l with the machinery of the pits 
ahavc ground, and not with their excavation. Thus 
he rose gradually to be an engine-man at the wages 
of twelve shillings a week. This was at Killingworth 
* **’ near Newcastle, where he ahowwl considerable me- 

chanical ingenuity, and gradually gained the conh- 
dence of his employers. Having married in 1802, 
he had a son bom the following year, the present 
Mr Robert Stephenson, M.P., whom lie brought up 
with the tenderest care, and whom ho ever and justly 
regarded with a father's pride. In or«ler to lw!Stow 
upon him the odvontago of that e<iucntion of which 
he had himself felt the want, it is stated that he made 
money at extra hours by mending his neighbours' 
clocks and watches, and finally, in more prosperous 
days, sent his son to complete his education at the 
University of Edinburgh. George Stephenson never 
acquired much book-learning himself, hut by natural 
sagacity and observation he attained to a sound 
knowledge of mechanical principles. Wc do not 
claim for him, however, the character of great inven- 
ftodchanc' tiv^ess. His skill rather lay in perceiving how’ far 
methods aud contrivancjcs alremly known might be 
pushed to an advantageous result. He |Hissessed 
that shrewd decuion which ingenious persons often 
want, enabling him to detect what is troly valuable 
in the numerous mechanical schemes which at any 
time arc afloat, and to devise the means of realizing 
them. He also possessed that confidence in his own 
judgment which is necessary to carry out principles 
to their legitimate extent, hut from which feebler or 
less practical minds usually shrink. 

(393.) to interrupt the principal topic of this section, 

I will here only mention that in 1815 ho set about 
Mfeiy inventing a safety lamp for mines at a time when the 
recent heavy loss of life in his own neighbourhood 
had excited general attention ; insomuch that Sir H. 
Davy ha«l been specially invited, by a meeting of per- 
sons interested, to pro|>o8c a remedy. 1 sh^l in an- 
other place speak of the result ; but in the meantime 
I may state, that George Stephen.^on tnodc some expe- 
riments of his own, which, leading him in the . same 
track which Davy followed, that of admitting the foul 
air to the lamp through long narrow tubes, might in 


the end have le<l him to a construction analogous 
to that of the safety lamp. As matters stoo«i, it 
is not surprising that his efforts, though highly me- 
ritorious, led him slowly and uncertainly towards 
the goal which Davy, having once sighted, arrived at 
with that rapid instinct in which he has never lieen 
surpassed. Stephenson was left behind, hut was 
rewar«lod by a handsome gift offerc^l by his local 
admirers, who, in doing so, naturally rather consi- 
dered the difficulties overcome by their humble 
neighbour than the strictly comparative merit of the 
two inventions. 

But it is of the locomotive and of the railway that (394.) 
w’c have hero to speak. 

The former, we have seen, had been brought to (395.) 
considerable perfection by Trevithick. An engine on •tad*®* the 
his plan had been constructed and used by Mr Blackett 
of Wylam in Northumberland, near the place where 
Stephenson resided, and was the basis of bis im- 
provements. Blackett's engine had two cylinders, an 
mlUition often ascribed to Stephenson, but which, as 
we have said, was included in Trevithick’s patent. 

What he saw of the performance of this machine ap- 
pears to have convinced Stephenson, once for all, of 
the groundlessness of on opinion which then and for 
long after haunted the minds of railway engineers. 

This opinion was, that the adhesion between the 
wheels of a locomotive engine and the smooth iron 
surfaces of the rails mwjrt be insufficient to allow the 
impulsion of the train, at least with any degree of 
velocity, or up the smallest inclination. Trevitliickauminet 
had a scheme fur increasing the adhesion, and this tb« fp«r of 
ideal improvement was the subject of repeated pa- 
tents, some of a singular nature, between 1802 and^j,^^i‘l, 
1824, one of which, Blenkinsop’s, provided a cog- 
wheel in the engine working into a rock on the rail, 
wliich was actually in use down at least to 1830. It 
is rather a singular thing that men spuming theories, 
as was the fashion of the engineers of that day, and 
especially those of Smenton's school, should have 
thought as little of an appeal to experiment on so 
simple a matter as did the followers of Aristotle in 
the seventeenth century, when Galileo offered to con- 
vince them that light and heavy liodics fall equally 
fast. Forgetting that direct friction is always large, 
and that it varies in proportion to the pressure, these 
practical men could not get over their first impres- 
sion, tliat iron must slide on iron long before a heavy 
train could be set in motion. It was characteristic 
of Stephenson’s decision of character, tliat he dis- 
missed all doubts on the subject so soon as bis obser- 
vations seemed distinct, and that he did not hesitate 
to carry out his belief to its consequences, and to 
maintain his confidence in the locomotive engine 
against all antagonists. 

I shall not atop to particularize Stephenson’s first (396.) 
improvements on the locomotive, which were rather ^ ®*fP^*** 
in detail than in principle. He saw clearly all along 
that if it was to work at high speeds be must in every nentt. 
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possible way diminish the vibrations and strains to 
which it was subject, and which would otherwise ra- 
pidly wear out the machiucry. For this purpose he 
proposed to connect llto engine with its carriage by 
means of steam acting on six pistons in lieu of springs. 
But perhaps his most material impruvement con- 
sisted in the very simple one of throwing the waste 
The fltesm- high-pressuro steam as a blast into the chimney, 
blMt. which was found to increase enormously the force of 
the fire, and the evaporating power of the boiler. 
Engines having this improvement, and with tworcr- 
tical cylinders, as construclc*} in 1818, are, or were 
lately (1 854), still at work on the KilUngworth railway 
dragging coals at the rate of five or six miles an hour. 

(907.) One of Stephenson's clear practical opinions was 
R*jecuih« this, — that the locomotive and tlio railway arc part 
mechonism, and must be adapted to one an- 
other. He was not a friend to steam-carriages on 
common roods, and the event proved his sagacity. 

If the idea of a locomotive l>elongs to no one man, 
still less does that of a railway, which being one of 
the most elementary of mechanical contrivances, 
may be traced, under some modiBcations, almost inde- 
finitely backwards, as a means of conveying heavy 
loads with facility. Hence it was at first confined 
chiefly to quarries and collieries, especially in under- 
ground passages or drifts. The gauge of these sub- 
terranean railways, or from ways, was only about 18 
inches. The material of the rails was first wood, then 
cast iron, finally wrought iitm, as being Ic&s liable 
to wear and to accident. The wrought iron rail, 
though not absolutely nc%v, was first generally intro- 
duced in 1820. About the same time, or rntber 
sooner, the rails began to be made plain, that is, 
without any vertical guide or flange to prevent the 
wheels of the carriages from leaving the rail, and the 
flange was transferred to tlm wheels of the locomo- 
tive. Even this was not new, for it had been used 
by Jessop in 1789. The weight of the rails has 
been constantly on tbc increase. Tlic original cast- 
iron rails weighed only 15 lb. a yard ; the malleable- 
iron rail in 1821 weighed about 28 lb., then 35, 
afterwards 64, and now rails of 80 lb. a yard are 
generally used. 

One of Stephenson's first care.s was to make his 
Rtc|>KciuoDniilwaTS solid and level, and to prevent jerks at the 
junction of the rails. The gauge he adopted, or the 
lucomotive. interval between the rails (now generally used, except 
on the Great Western llaiiway and its branches), was 
4 ft. OJ inches, and was derived from the accidental 
width of the parent railways in Northural)crland. 
Like Watt and all otlicr innovators, his great diffi- 
culty was to gel the machinery of his locomotives pro- 
perly made, and the great railway movement of 1025 
was anticipated by the establishment in 1820 of 
an engine factory at Newcastle, which, till after the 


(399.) 


opening of the Liverpool and Mauchester Hallway in 
1831, remained the <m(y one, and fur long oftenvarda 
the best of its class. The cranked axle contrived by 
Trevithick, and abandoned because it could not be 
projKsrly welded, was now restore! ; the heavy loco- 
motive was placed on strong but easy steel springs, 
wrought iron was skilfully introduced into the wheels 
of the carriages, and the whole machiucry was made 
to work with precision, and to combine a degree of 
resistance never K'forc antici|mted with comparative 
lightness. The factory was cstahlished in 1821, and 
the first passenger locomotive was started on the Dar- 
lington and Stockton Railway in 1825. 

I ought, perhaps, to apologize for these details, (400.) 
but they iilustrato so well the exceedingly gradual 
progress of mechanical invention, that I have thought 
them worthy of mention hero.* The subsequent his- 
tory of the locomotive and the railway is more gene- 
rally known. From the date of 1825, both grew and 
flourished ; the railway first and most steadily ; the 
locomotive was introduced more cautiously, and met 
with much opposition ; its triumph was almost en- 
tirely due to the steadiness of George Stephenson. 

The year 1825, so fertile in speculation, produced ( 40 l.) 
a series of projects for railways to an extent not com- RsUwsy 
monly known, since few of them came into existence 
or were even commenced for many years later. Thcisss. 
projected capita) of these companies amounted to not 
less than L.30,000,000 or L.40,000,000. But the 
only considerable undertaking which was at that time 
seriously supported wa.s the railway from Liverpool 
to Manchester, and on that battle-field were fought 
the great que.stions of the superiority of railways to 
common roads, — of high to low velocities of trans- 
port, — and of locomotives to fixed engines. 

On these three important points, George Stephenson (402.) 
was in advance both of the science and of the prac- ®“P*.^*®*‘**y 
tice of his age; and, accortlingly, lacked chiefly 
commercial men, who had entire confidence in hisro*ds. 
sagacity, hv had to maintain the conflict almost single- 
handed against general and professional prejudice. 

With respect to the Railway, he had long decided in 
his own mind against the use of stcam-carriages on 
common roads. This conclusion was scientifically 
based on his own experiments on the friction of wag- 
guns on railways made in conjunction with Mr Ni- 
cholas Wood, civil engineer at Newcastle, as far l>ack 
as the years 1815 and 1816. A simple dynamometer St«pb«>n- 
of Stephenson's invention was used, and by means of*®" • 
it the two fundamental propositions were established, 
that the friction is directly os the pressure, and that itof tniiw. 
is quite independenlof velocity (at least when the spexid 
was moderate). It may be said that these proposi- 
tions were already known; but, besides that probably 
Stephenson and Wood were equally unacquainted 
with the writings of Coulomb, they could nut have 


^ I h»T« found tnanjr carioat dvUili of the «srly history of railways ia n s«rirs of orticlos on tho Uf« of Goorgs i^tcjihmson 
In th« Journal for 1849 and 1649. I am lodebt«d to Mr ItolKiri St^pbooton, M.P., for many iulenitUog portl- 

calsn rtspocting hU fstbsr's iavcDiioeui. 
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dispcDftod with verifying his results under circum> in essentials very little has l>cen added by 25 years* 
stouces 80 peculiar as (ho«e of a railway and a train of cxjM^icncc on lines of tiic same gauge. But now came 
carriages. The necessity of doing so was manifested the struggle to hovr this beautiful road was to Im 
by the opposition, and even ridicule, with which tho worked; — with horses, — by means of 6xed engines, 
idea of friction being in this cose independent of vc- — or by locomotives. It was not without a struggle 
locity was received, showing, us has been correctly that Steplienson gained his point. Even in 1B29 
observed, '* how small was tho amount of scicucc at the prejudta^s of tho engineering profession were still 
that Umo blendeil with engineering practice.’* Tho strong against tho locomotive. And it is curious to 
friction of even the indifferent railways of those days rcaci in tho contemporary documents with what dis- 
amounted toouly 10 lb, per ton of load ; consequently trust they were reganled. The clumsy expedient of 
an incline of uuly 1 foot in 100 would increase by a series of stationary engines 1^ miles apart, dragging 
one*half the resistance to tho motion of a carriage on the trains by rojies, would probably have been adopted 
a railway. Hence Stephenson determined to con- to the disgrace of the age, but for the energy of Ste- 
struct railways having only the smallest inclinations, phenson and his commercial friends. A competition The loco- 
and to use fixe<i engines fur higher slopes. With re- of locomotives w.is at last agreed to, which 
8|>ect to common roads, he showed by powdering place on October 6, 1829, on a level piece of *t*> 1*^,^^** 
even a level railway with sand, that the most power- way at Rainhill near Liverpool. Though the makers iji 29 
ful locomotives then in use speedily came to rest; of engines had their energies hampered by variotis Hsuihm. 
this, with the previous objection, overruled in his nec^lless conditions (particularly as reganls the weight 
mind tho possibility of o^lvaDtagu in that ease. of the engines, under the mistaken notion, thatvelo- 

P ^ V’iih low gradients and small resistances, together city could only be combined with lightness), several 
blUty «>f* prove<l invariability of friction with speed, eicellent engines aj^pe-ored; but the ‘'Rocket'* made 

high vfiio. there necessarily came into Stephenson's mind the at Stephenson's factory at Newcastle, not only gained 
eUt«»on practicability of using high velocities. At a very early the prize, but far exceeded in its performances tho 
rmiiwkj-a. jio spoke in one of his patents of con- liniiU assigned in the programme. It weighed 4^ 

veying goods " at nearly double the rate at which tons, and dragged a gross load of 17 tons, at the 
they were then usually carried along railways,*' in rate of 15 miles an hour, but moved itself with a 
other words, at 10 or 12 miles an hour, and this he velocity of 35 miles an hour. Tho “ Novelty*’ of 
states ** with no hesitation, speaking from experi- klcssrs Braithwaite and Ericson was also very suc- 
ments already made,’* referring, no doubt, to those cessful. The prize wa.s awarded to Stephenson, and 
on friction ma>le along with W'oo<l about this time, this success was mainly due to the admirable inven- 
Yet after nine years of farther experience, his old tion of tho multi-tubular boiler, imagined by Mr 
coadjutor Wood deserted him on this grand poiut, Booth, and carried out by Stephenson. To distribute 
and in tho Grst edition of his book on JlaUwaye (1825, the urotcr of the boiler in tubes, and allow the heat of 
p. 290) he disclaims the " ridiculous expectation** the furnace to act around them, was an idea as old 
that locomotives will be seen to travel at " 12, 16, as the time of Watt, but it did not succeed. To carry The ndii- 
18, or 20 miles an hour,” and scorns " the promnlga- the hot air of the furnace through tubes surrounded 
tion of such nonsense.** Even in 1829 he reported to by water, was the more successful arrangement of'*'"' 
Messrs Walker and Rastrick, who were referees on Booth and Stephenson, to tlie right working of which 
the Liverpool and Manchester Railway, “that nolo- tho draught occasioned by the steam-blast in the 
comotivc engine should travel more than 8 iiiilca an chimney was essential. Tho idea, it is said, had oc- 
hour.** If at this comparatively late period perhaps curreil both in France and America, but it certainly 
the most practiswl railway engineer in England held remained practically inefficient, perhaps on account 
these opinions, and thaf with the full knowledge of his of the want of draught. 

friend Stephenson's matured convictions (which it is This invention, by increasing almost without limit 
difficult to believe were not pointed at in this para- the evaporating power of the boiler, which is 
graph), we may imagino the opposition which the key to the efficiency of a locomotive, completed for^^, 
plans of the latter were likely to meet with from in- the time the skilful improvements on locomotives 
tcrcsted or even indifferent persons, and railways, which, ns has been seen, wc owe mainly 

(404.) At laat a company was formed, and funds pro- to Stephenson. The comparatively trifling amclior*- 
j vided to construct the Liverpool and Manchester tions which have occurred in either, and the stcreo- 
Llvcrpool Railway. It is unnecessary to slate how successfully typed character of even tho minor arrangements, such 
Stephenson conquered the engineering difficulties (ff as those of stations an<l of passenger carriages, show 
the line, and refuted the predicted impossibility of how much the sagacity of the engineer hud onlici- 
crossing the Chat Moss. In every rcsjwct this rail- pated the accommodation of the public.' 
way became a model for those which succeeded, and I here close my account of Mr Stephenson and 

* I do Dot overlook of coor*© tho mndiftcatlona intrmlQeod io th« broAd-^ag© of tb« Qr©«t Wovtvm Hstlwav. Mr 

Drunol indord tried to thow how fv b« coold dwiato witboot poxitlve Injury from Stephenwn'e plana : in aomr polnti. f>rrhAi.i», 
b« (ltd to with adventege, yet, on tbe wbolr, tbo roi utu duaol abske tttephenaoo'a jmiiiou sa Ibe oomiiMindiog eDgineer ofbia ttma. 
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the railway system. The looomotiTo CD^nc will ever rear. To M. dc Pamljour wo arc indebted * for by M. d« Pnm. 
remain as an invention entirely distinct from those tar the best account of the elements of force contained 
created by the genius of Watt. It is in reality in> in the locomotive, and of the resistances which they ioeotni» 
dependent of his great principle of separate conden* have to overcome; but it is not to be doubted thattUc*. 
sation. It has a power of adaptation and a perfection much yet remains to be done in this direction, 
of performance more astonishing than any contrivance George Stephenson died 1 2th August 1848, at the (407.) 
of our time, except perhaps tbe electric telegraph, ago of sixty>ejgbi, and generally respected for 
In 1552, Jerome Canlan took tvrcniy<t)ireie days to private character os well as for his talents. His sou 
travel from Loudon to Edinburgh ; thiit the same hotl the honour of completing the second great railway 
should l)c done 300 years later in eleven hours, and work in Britain, from London to Birmingham, and 
every day, is a fact as striking as any which the pro- by the invention of the tubular bridge, doscrilKNl in 
gross of science presents. \V1iiUt to Trevithick and a previous section, he has added the most important, 

George Stephenson we are mainly indebted for these as well as the most scientific auxiliary to the exten* 
results, the theory of the steani'Cnglne is still in ar> sioti of railways since 1830. 


§ 6. Iltjdro^ifnamkB, DlTiiUAT, Ventuiu, Professor Stokes. — Friction and Htsittance of Fluid$. 
MM- Wkbek, Mr Scott Rcsskli..— of Waves. Influence on Canal A’dtri^^a- 
tion. MM. ForRNEYKONan^^PoNCELBT . — Improved llyidraulic Machines; Turbine. Feference 
to the subject of Capillary Attraction. 


(408.) There are few subjects less adapted for the kind 
of discussion which 1 Imve adopted in this Disserta- 
tion than Hydrodynamics, whether in its abstract or 
practical form. Not only is it dUHcult to fix upon 
individuals who, in the more recent progress of the 
sabjcct, have attache<l themselves to it in so especial 
a manner as to have impressed the science with the 
individual character of their own minds, but the pro- 
gress made in either branch h.is been of a remarkably 
fragmentary kind, usually Waring upon the solution of 
individual problems, and tending to the improvement 
of particular machines. It must be ownc«I, too, (hat 
however impirtant in practin* may lie the efficiency 
of a watcr-whec] or the discharge of a pipe, the so- 
luUon of such problems does not present the attrac- 
tive interest which attaches to many less difficult ones 
in Natural Philosophy. As regards more general pro- 
lilems of which a direct solution from first principles 
might appear possible, it has been found that these 
are as yet so limited as to give a character (which is 
generally admitted) of great borrenness to tno theo- 
retical investigations. 

(400.) While, then. I shall eudeavour, in conformity with 
my general plan, to preserve something of (he bio- 
graphical character in the history, suppressing details 
and many minor and even some im^wrtant steps, 
this section will nece&sarily have somewhat of a frag- 
mentary character, and its deficiencies must be sup- 
plied by a reference to the numerous articles of the 
Encyclopiedia which treat more or less fully of these 
subjects and their history. 

(410.) 1. jF’riction and RffUtance of J^hWs.— The first 

name I shall mention is that of the Clicvalier Du- 
a»nl raift- buat, Who bos the signal merit of having attn- 
«n«* of bated due importance to, and of having consideiwl 


with much sagacity, the effects of the friction of 
fluids against their own particles, and against the 
sides of the solid bodies used to confine them. He 
had the full advantage of an acquaintance with the 
Ahlic BossuPs excellent cxperimculs and judicious 
writings, but ho was, X believe, the fust who sne- 
ceeded in ascribing to the difierent forces which act 
on fluids in a state of uniform motion their eflbctivc 
share in determining their velocity. I refer particu- 
larly to the discharge of pipes and of rivers. Du- Theory of 
buat showed that when the motion of water in such 
circumstances becomes unifonn, the accelerating force 
which acts is the measure of the toUil rcsistana-s to 
the flui<l motion, whether arising from the inequali- 
ties of the be<l or the viscosity of the fluid. These re- 
sistances are assumed to bo proportional to the square 
of the velocity. Since they are exactly in proportion 
to the length of the pipe or channel, and since the 
moving pressure increases in the same proportion, tho 
velocity is independent of tbe lengthof the pipe, whilst 
the inclination remains the same — a simple result not 
previously noticed. In the case of a pipe the head 
or superincumbent pressure may be divided into two 
parts; one, requisite to force the water into the tul>e 
with the requisite velocity, which is independent of 
the distant to be travelled; the other, which balances 
the resistance due to the length of tho pipe, which 
for a given diameter varies as the length, or if tho 
slope be constant is independent of tho length. 

The relation of the area of the stream to the peri- (411.) 
meter or rubbing surface of the channel is then taken 
into account. This ratio is called by some writers the depth. 
meanhydraulic depth. The manner in which Duhuat 
derives his formula (which I shall not here set down) 
from direct experiment, guidetl by a few general no- 
tions of theory, is a very good specimen of this kind 


^ TA« Tktoty »/ Suan.Knjint (1839), end A A-aeJ»c»t TVmIuc «ii« £nfita$ (1840)^ by ttM Comt« F. M. G. dt 
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of induction, without any prctonco whatever of pro- 
coedin^ upon the mathematical theory of fluids in 
motiou. The same views were ahly expounde<I and 
enlat^cd by Dr Kubison in his excellent article on 
UiTcm and Resistance in tliis Encyclopa'dia, through 
which principally the theory of Dubuat liocanic known 
in this country. Indeed, vicw(*d apart from the tech- 
nical value of the enquiry, the research os to the na- 
tural economy of rivers is a wonderful and striking 
branch of terrestrial physics, and one which had long 
afifordvd a subject of anxious and perplexing enquiries 
to Italian engineers from the time of Leonardo da 
Vinri, though compamtivcly little stmlied elsewhere. 
The collected treatises of Italian authors form an 
important body of hydraulic information.' The rivers 
of the north of Italy, like those of Holland, conveying 
vast masses of water charged with mud under very 
focblo slo|)C8 to tho sea, present a formidable ditRcuIty 
which compels attention, — vast territories Iwing in- 
creasingly subject to inundation, as the ImmU of tho 
rivers ,are raisc<l by deposition above the general level 
of the soil. 

(41S.) Dubuat's formulas have been modified, and made 
^ r»>prescnt experiments better, by subsequent writers, 
Improved, particularly by Dc Prony, Langwlorf, Eylelwein, and 
Thomas Young; and the discharge from mere orifices 
has been discussed by numerous authors who Itave 
given empirical co-efticients to represent the pheno- 
mena. But little has been added to a pbilosophical 
view of the real laws which govern tl»e fluid motion 
in this COSO. Nevertheless Sarart nod Magnus have 
miuic some ingenious observations on tho constituent 
parts of effluent streams. 

f4l3.) The vitcosity or imperfect fluidity of water is the 
property most dilTicuU to be taken into account in 
V«Dtarl-~ these and other hydraulic problems. It is that which 
Coulomb, causes the velocity of a stream to diminish from the 
surface to the bottom, and from the centre to tho 
side* ; these proportions were also sought by Dubuat. 
Each layer of water in motion exerts a dra^ng or 
“ tangential force” upon other layers, which from 
any cause arc comparatively quiescent ; and the ex- 
perimentB of VexTuai about the end of tho lust cen- 
tury, showing that a stream in motion draws towards 
it the particles of still water with which it may bo in 
contact, with a force sufficient to overcome consider- 
able hydrostatic pivssure, attracted much attention. 
About the same time Coulomb, with his usual ad- 
dress, made c.t{>erimenU on the friction of fluids by 
observing the rapidity with which cylinders oscillat- 
ing by means of torsion in diflerent fluids had their 
original motion destroyed. 

f414 ) Intimately connected with the friction, and conscs- 
Thrw c*M«qucQt mutual action of fluids, is the rcaislauee which 
to' jMissage of solid iKKiics through them, 

Boring 
•oUd-i. 


and this favourite problem of mathematicians was 
treated by Dubuat, in his inductive way, in an able 
and practical manner. Three cases n»ay be specified 
on account of their theoretical or practical import- 
ance: — 1st, In tho case of a body oscillating like a 
pendulum, with small velocities, the body Iteing im- 
mersed in a resisting medium ; 2>i/y, The resistance 
to vessels floating on and propelled through water; 

The resistance of the air to projectiles whoso 
velocity is very great. 

Under the first head Dubuat made those ingenious (4ts.) 
cx[M:rUncnts long overlooked, but lately brought into Motion of 
notice, which 1 have mentioned in the section on 
Pendulum in the chapter on Astronomy, Art. (216). 

The cause of the neglect of these striking and original 
observations has proltahly been correctly statetl, by 
saying that in them the penduluut was made subser- 
vient to hydraulic c.xperiniciits, tmd not the theory of 
fluids to the improved usoof tho ixrnduiuin ; and they 
were therefore overiookod by those whose studies were 
connected with the pendulum and its applications. 

The fact observed by Dubuat was, tJmt a largo mass 
of air (or of water in the cortesponding case) is car- 
ried along with a pendulum iu motion, and afTccts 
in a sensible maimer the time of vibration, quite in- 
dependent of the diminution of gravity due to the 
buoyancy of the pendulum. The moveil mass of air 
was proveil by hanging a film of worsted from an 
arm a foot long in advance of the moving sphere, 
when it was found to be but slightly driven by the 
inertia of tho air through which the {>ciidu)um moved. 

Dubuat significantly calls tho mass of moved air ** the 
prow” of the moving bo<ly, and it is easy to antici- 
pate the sort of effect which such a graduate<l con- 
dition of the surrounding air from motion to absolute 
rest would produce. 

But the most surprising thing is, that mathema- ( 4 ]q.) 
ticians should have attempted to compute the dfivt, Pri>f<M«or 
or should have been in any degree successful iu doing 
so ; yet after Uic preliminary efforts of Poisson and ,' 1 ^^ 
Green, Professor Stoilss has introducetl for the first inriiu* 0 / 
time a correct definitioti of the " index of friction’* 
a fluid, and after great labour has Rucceeded in find- 
ing *txaet e.xpn'ssions for the motionn of a solid spheni 
and cylinder. This investigation may he found in a 
very elaborate paper in tho Cnmtfridye Trausartiofa,^ 
in which lie solves the equations found by lum in a 
previous papt*r,’ in the cases of pendulums having 
the forms just mentione<l. Another intCR^sting re- 
sult of his investigation is the immense effect of fluid 
friction in retarding the fall of minute rain drops, 
which he states to be such as to explain satisfactorily 
the suspension of clouds. In the secotid part of the 
paper I have first cited Mr Stokes prooc'cds to com- 
|wire hU theory with tho ohsen'ations on the pen- 


* R<t«oka iU Aulvri efu trattano del mol# d*tt acjtH, 10 1S22 36; ami Aws>va RactcUOf 7 vola., 18‘i$-40. *S«# also (be 

admirable melhodlied calalogtio of writm on IlTdraiUicn In t}i« Hcond volume of Youag’a i.cclHr<j #« Salvral PkUoto^y- 

* Vol. is. part ii.— 'Oa (A« €fr*t «/ lAe Uufmal of Mtiiiii #n rAo oi«tk>« #/ Pemdatumi. 
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dulum mentioDcd in Art, (246), and the agreement 
appears satisfactory. With reference to Coulomb's 
experiments on oscillating disks there remains some 
doubt whether the theory applies satisfactorily to 
viscid fluids such os oil. 

Ou the very diflicuU and still empirical subject of 
naval architecture os regards forms of least resist- 
ance, 1 shall not here speak ; but one very intercstiiig 
case of the resistnnoc of fluids in canals will be noticed 
in the courec of this section— Arts. (422), &c. 

The theory of military projectiles has perhaps re- 
ceived no improvement so considerable during the 
last loo years as by the previous experiments of 
Itubius, and the invention of tlie Ballistic Pendulum 
referred to in the preceding Dissertation; though the 
experiments of Borda in France, and of Hutton in 
this country, have of course Increased the technical 
precision of artillery. Poisson has considered, in a 
mathematical way, some of the simpler cases of pro- 
jectiles moving with a mo<lcrato velocity. 

II. Expfrimfnts on MM. Wbber — Mr 

Kcssell. — W hilst the theory of the dilated and com- 
pressed waves which eonstitutc sonorous vibrations 
in elastic fluids was being successfully investigated 
by Lagrange and Laplace, the case of waves in water, 
due to a disturbance of hydrostatic pressure only, 
was attacked by the same mathematicians with fhr 
loss success. It is generally allowed that the more 
recent and abstruse researches of Poisson and M. 
Canchy, though very valuable as improvements in 
pure mathematics, have been also singularly barren 
of valuable results admitting of the very desirable 
confirmation of direct experiment. The greatest of 
all hydrodynaraical problems, that of the Tides, is, as 
has ^'n seen in the second section of the chapter on 
Physical Astronomy, Art. (G9) &c., so excessively 
complex as to bo the last, instead of the first, which 
analysis might have been expected to resolve. 
When, on the other hand, we see the light which has 
l>een thrown even upon it by experiments on a com. 
paratively small scale, we Icam to value them in 
proportion to their rarity. 

The brothers Krkst IIeikrichWeber and Wilhelm 
W'ear.R, known for many ingenious experiments in 
physics, and particularlyin magnetism, are the authors 
of a useful bwk on waves.^ Tliey mmle experiments 
on the velocity of waves in glass troughs, by means of 
which they determined in several cases the velocity 
of the wave with ditferent depths of fluid; th<^ also 
ascertained mechanically the form of the wave, which 
they found to be that of the curve of sines. But the 
most important of the Webers' experiments is pro- 
bably the determination of the motion of individual 
particles of the water, which they ascertained by 
watclung from the exterior of tlic gloss trough the 


curve described by minute floating particles as the 
wave passed over them. The usual form of the trajec- Tr*j*rtory 
tory is an ellipse having the greater axis horizontal, the 
whole ellipse being described when the wave includes 
a ridge followe^l by a depression of the surface; but 
if there bo only an elevated wave propagated, then a 
semi-ellipse is described in the direction in which 
the wave moves, and the particle returns to rest in a 
new ]K)sition ; if the wave be a hollow one the con- 
verse takes place. The limits of oscillation diminish 
with the depth of the fluid, particularly the vertical 
limits; conscijucntly at some depth the motion of 
the particles U nearly in a short straight line. The 
rapidity of the degradation of the individual motions 
depends on the relation between the length of a wave 
compared to the depth of the fluid ; where the wave 
is very short compare*! to the depth of fluid, the el- 
lipses near the surface become circles, and the mo- 
tion rapidly disappears beneath; when the length of 
the wave is great comjwired to the depth of fluid, 
the motion of the particles is nearly the same from 
top to bottom. The conclusions of theory are on the 
whole confirmee! by these experiments. 

The experiments of Mr Joirx Scott Russell, so (421.) 
far as wo shall notice them, refer to two closely con- 
nccted subjects : — the transmission of wares, and ciperi- 
the resistance of water to vessels propelled through nent* oo 
it ns aflected by waves. They are principally to be 
found in the Edinburgh TmasacfiVoN, vol. xiv., and 
the British Association Report for 18G7- The velo- 
city of waves in troughs of different depths and sec- 
tions was ascertained by allowing the wave to be re- 
flected at either end of the trough, which docs not in 
any way aflcct the time of its propagation, and give® 
great facility for accurate observation, as the distance 
travelled over may thus become large, at the same 
time that all casual and interfering waves arc gra- 
dually eliminated. The instant of the passage of 
the wave was ascertained by reflecting the light of a 
candle vertically upwanls from its horizontal sum- 
mit. The length of the trough was 20 feet, but 
since the wave was made to traverse it as often as 
60 times, a distance of 1200 feet was really ob- 
served. The wares were single or ** solitary'* 
waves, either poiitavc” produced by a gush of 
water from behind a sluice, or “ negative” by with- 
drawing water suddenly. Mathematicians seem not 
agreed os to whether or not the “ solitary’* waves of 
Mr Russell are to be treated as a species apart.’ 
UnquesUonably it has long been known that a par- 
tial wave either positive or negative may be propa- 
gated without any farther disturliaiico of the fluid. 

Theory also shows that the velocity of a wave h>n^ tn 
proportion to the depth of the water is nearly as the 
square root of the depth ; but it doea not clearly ap- 


^ WeUfnUKrt aMf ejrfitrtmcnU ytfrundtt, oder uber d»€ VilUn fiw/>/tarcr yiiiuiyktiun mii antf<u4uMg au/ dt< SebaU unit Litkt- 
LaipsSg. 1825. 

* f'noipftr* Mr Air/ Id tb* " Tid«i and Warca,*' EmtytL Hitrof'ctitaHai I’rof. Btokn In BrHi$b A$»oc. ilfpori for 1846. 
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pear whether the disturbed or undisturbed depth U 
Compared to be taken. The analysis of Mr Airy seems to show 
b * depth somewhat greater than that due to the 
land and ' effect of disturlmnco is to be preferred. Mr 

Ur Airy. Kussell also made experiments on the propagation of 
wavee in channels of different forms of section. Pro- 
fessor KeUand has given a very simple expression 
for tho velocity of iho wave in this case/ which on 
the whole agrees with experiment. 

(43^.) Sometime about the year 1830, attention was 
to a singular fact connected with the rcaiat- 
wavntrant* of water in tho cose of canal navigation. It 
miMioD OQ was first noticed 1 believe in Scotland, probably on 
canal navi- Forth and Clyde Canal. It amounted to this, 
^ that wlkoreas at moderate or rather slow velocities, 

the resistance to a boat increases with the square 
of the velocity, — after a certain point, not differing 
very much from 7 miles an hour, the resistances not 
only cease to increase according to the same rapid 
law, but actxmU^ diminUh to some extent when the 
spe^ is greater. Different experiments were made 
by the canal proprietors with a view to meet in some 
degree the active competition by railways, then com- 
mencing. Mr Kuasell was employed by the directors 
of the Forth and Clyde Canal, and to his experiments 
wo now refer, it ap|>ear8 from his tables that the 
rcaiftanoes increased on tho whole fatter than the 
squares of the velocities op to 7 k niilcs an hour, 
when they suddenly (yiminuA^i l>etween 7k and 8k 
miles an hour by vne-Jifth part in one experiment, 
and by no less than one‘ihird in another.^ It was 
not until about 12 miles on hour, that the resistance 
reached the same amount as at 7k miles. 

(423.) The occurrence of this singular transition was at- 
tended with a phenomenon easily noticeable. In 
every ordinary case a boat in a canal drives a wave 
before it, which is in fact a heap of water resisting 
the boat by increasing tho pressure against its bows, 
which wave may be called a forced wavc^ having this 
peculiarity that it travels with the speed of the boat 
and never quits it; whilst a free uaw, by whatever 
cause excited, is propagated at a rate depending only 
on the dimensions of the canal, particularly its depth. 
Now the diminished resistance takes place when the 
boat is by the force of traction partly drawn out of the 
water, and lifted up upon the wave to which its own 
motion gives rise. It is said to rui« upon the wave, 
and the hood of water pressing against its bows is 
visibly diminished. The most advantageous Tate of 
. transport was found to be about one-third greater than 
that required merely to mount the wave, which last 
depends principally on the depth of the canal. Thus 
on three different canals, 3k» and 9 feet deep, 
the most advantageous velocities were 8, 11, and 
15k miles an hour. The actual velocities of the 
fret wave were asccriaiucd by Mr Kussel) in on in- 


genious and satisfactory manner. When the l»oat is 
dragged to most advantage, the draught of water is 
less at the stem and steru than in the centre. All 
these circumstances have licen very ingeniously and 
sati.sfactorily explained by Mr Airy in his ;»apcr on 
Tides and Waves, articles (-104—411). 

Many persons (amongst whom arc Colonel Henry (434.) 
Beaufoy, .Mr Scott Itussidl, and the American ship- ol" 
builders) have bestowed much attentiou on the forms 
of vessels for ensuring speiNl, especially by the avoid- 
ance of waves of various kinds generated by steam- 
vessels in motion. E\*ery one who can compare the 
performance of such vessels during the last twenty 
years, and the still surface which vraters navigated 
by steam vess**ls now present, as if they were merely 
cut open and closed again before and affor tho passage 
of the ship, imstead of being tossed into dangerous bil- 
lows consuming uselessly the propelling force, will 
readily admit that, however imperfect the theory, prac- 
tical art bos made real progress in this direction. 

III. Improwd ll^draMliC Mach'xnet — Turbine.— > (433 } 
Before concluding this section, 1 will refer to the Improvfd 
most considerable improvement made of late years *^y'*^*“**® 
in the application of hydraulic pressure to motive 
purposes, and I shall couple it with the n.vmes bloc, 
of two French engineers, MM. Fouonetbon ami 
PoxcxLbT, the former the inventor of the Turbine 
(the machine referred to), at least in its im{H*oved 
practical form ; the latter an important contributor 
to the useful application of hydraulics, an accom- 
plished mathematician, and the author of several 
standard works eonnoclcd with industrial mechanics. 

Tho defects of common vertical water-wheels, (42A) 
whether overshot or undershot, are so greot and of 

so notorious, that only their simplicity, and 

fact that in very many cases water-power costs wb^is 

next to nothing, and may be squander^ with im- Barktr't 
punity, could justify their use. The advantage of“^* 
using the simple pressure of a fluid os a moving 
power had been foreseen in that application of re-ac- 
tion called Barker*s which, though well known 
in models, was seldom if ever appli^ in practice. 
Mathematicians were, however, aware that it oflered 
important advantages. Of lato years a patent has been 
taken out in Scotland for a m<^ification of it, which 
is found, I believe, to work well. But the Turbine 
or horizontal water-wheel imagined by Burdin and 
Foumeyron, and brought to a high state of perfection 
by the latter about the year 1833, appears to cxl^ust 
all that is valuable in this mode of applying water. 

Referring to other parts of the Encyclopajdia (427.) 
for the details, 1 may here explain generally that Fouraay- 
tho Turbine consists of two ports, one a fixed cy- 
lindcr or drum of small height compared to its 
diameter; the other a portion of a cylinder ex- 
terior to the former, and moveable round it, so that 


* V«?orlt» = A is Ih* ares of »#«lioo of tbs 

lAling of grsTtty. Fiiifburyh Troru. rol. zlv. 

* TVdiM., vol. xlv., p. 48. 
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th« inner surface of the moveable cjlindcr U all but 
in contact with the circumference of the fixed cylin- 
der. Further, water under a greater or loss hydro- 
static pressure, and moving with the consequent velo- 
city, is introtluced at theccutru of the fixed cylinder, 
and conveyed to its circumference by channels of a 
peculiar form constructe<l by means of vertical parti- 
tions or guides of continuous curvature, from which 
the water is discharged against float boards prilhin 
the external cylinder, which are also curved, but the 
curvature is tumtvl the other way so that the parti- 
tions in the first cylinder arc where they terminate 
nearly perpendicular to the internal surface of the 
moreahle or second cylinder where they commence. 
These latter partitions or float-boards temiinalc ex- 
teriorly in a direction nearly tangential to the outer 
cyliixiric surface where the water emerges. 

The hydraulic principle of greatest possible advan- 
tage to which these Turbines are made as nearly as 
possible to approximate is this, that the unxter ih<tU 
enter the movealU ai>paratu» without thock^ and $kttH 
quit it without veloeity^ lieing simply l^t behind by 
the wheel as it escapes from it. Since both these con- 
ditions cannot abiiolutcly be fulfilled, the first pert of 
the condition is left imperfect. Some secrecy is, I 
believe, still maintained as to the forms and dimen- 
sions of these machines ; hut their actual eflicicncy 
has been most thoroughly tested by means of Do 
Prony’e Friction Dynamometer* by (>lonel Morin, a 
most competent authority. His experiment* leave no 
doubt of the admirable qualities of these machines. 
In particular, the useful f/eef compared to the theo- 
retical eflect represented by the fall of water expended 
rises higher than probably in any other hydraulic 
machine, being under favourable circumstances al>out 
eiyhty per eenU Now water-wheels moved princi- 
pally by the shock of tlie fall seldom, in the roost 
advantageous conditions, realize thirty-five percent., 
often not seven per cent. This superiority of action 
of the Turbine is due entirely to the approximation 
which it gives to the theoretic condition above men- 
tionctl of |>crfect efficiency. 

But what is not loss striking in the performance 
of this machine, is the variety of circumstances under 
which it acts advantageously; however great may be 
the variation in the size and velocity of the wheel, the 
height of fall, and (he power disposable. Turbines 
have been made of ns small diameter os 2 feet with the 
enormous fall of 350 feet, making 2300 revolutions 
per minute. They work with nearly equal ailvantagc 
(relatively to the power expemhd) whether llie supply 
of water l>o siimll or groat. They may !>c coiiipletcly 


droume<^ or buried under water to a considerable 
depth without any sensible variation in (heir effi- 
ciency, thus preventing any inconvenience from floods. 

It is remarkable that, with these manifest advan- (430.) 
tages, thoTurbine has Wm so sparingly intnxluced at 
least in this country. No doubt the first establish- 
ment of it is attended with consi<lcrablc expense. 

M. PoNcxLET, an active and intelligent officer of (431.) 
GrfmV, and member of the lustitut, is favourably M. Pobw- 
knuwn by his hydraulic observations and inventions, 
as well os by his skilful investigation of the efli-ets 
of machines, and his exetdient works and memoirs whcsls. 
on several subjects. He has investigated with much 
patience and geometrical nicety the form and dis- 
charges of S)M>uting fluids, and was one of the first 
to improve materially the ordinary water-wheels, by 
intro<]uciDg a kind of hftatUwhed (wbicb thirty-five 
years ago wos scarcely known in France) in which 
the water is conveyed without shock into compart- 
ments on the descending side, from which again it 
was alloxrtsl to escape with all its acquired velocity 
spent, or nearly so. The efficiency of these wheels is 
equal to about two-thirds of the power expended. 

Before the Turbine had Issen finally improved byM. 
Foumeyron, M. Poucidct Imd invented an engine on 
the same principle, in which the water enters at the 
circumference of the horizoutal wheel, and is deli- 
vered at the centre. 

I nm aware how im^icrfect this section remains as (432.) 
a history of Hydrodynamics. But 1 must again ('tpUJ*ry 
refer to special articles on the subject, the plan 
the Dissertation not admitting of farther detail. As “ j 
nothing material has been added to the doctrine of place. 
Capillary Attraction since the publications allmled 
to in Sir John I^slie's Dissertation (although M. 

PoisAon has written a treatise on the subject), 1 will 
for the sake of compression not enlarge u|>on it. I 
do so with the less regret, because 1 cannot regard 
tho excessive mathematical illustration which it has 
received as altogether justified by the certainty* and 
due ajiprcciation of the pliysical jirinciplc* involved, 
such a* can alone give to applied mathematics their 
distinctive value. The theory of Laplace, so for 
os it was based on novel grounds, was antidpnted 
by Dr Young, and gave rise to several controversial 
articles by that most eminent philosopher, of which 
an account will l»e found in I)r Ptaeoek's Life of 
loun.;, pages 109-210, a.s well as a most excellent 
review of tho subject of Capillary Attraction, which, 
indec^l, by iU candour and completeness, supersedes 
anything which I should have felt disposed to say 
on the subj(K;i. 


* (isnpsrd (Ic i’rooy, born lo 1705, «rmii an rmisroi eiiKinrer, np«ciatl)r in tb« dojNirUnctit of h^riirnaUc*, and th« author of a 
voliunlnoua «rork catitlsd SowmIU Artkiueturt /fyrfrau7v;w<; hut ht« originaUty wait iM»t {treat «noufh to authorite bk bein g 
placed amotia th« laadrre of bia mg«. Ilia ttniplc ineentioB of tbs /Vein />yniiniiv«a<rr*^p<e, or friction dynanu irater, U the oa« 
by which perhapi h* will b* longwit remernhemt. It con*i»to of an Iron collar with tiphtening screw, which may be rlaeprd 
on a borliontal wooden arbor connected with oDiformly revolving machinery. A Uver, to whicb a weiphe may be applied. U 
attached ao aa to form part of the collar. The claipina acrew Winn moderalcly tighteDeU, the collar and lever are of count* 
carried round by tha machinery until a weight ia applied vufBck-nl to check the veUKily, and to {reneratc an amount of friction 
which ifl in fact the useful effect of the machine for that velocity, and which it determined by the momentura of lb* wei^jhl ovar- 
coB« is one secoed. De Prooy wi» a most aisiable man, and died in 1839, ia the B4ih year of bis age. 
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(433.) The msthcmaticftl theory of the propa^tion of 
Muhrm*. soun<l, considerwl an a hrnneh of analytical mecha- 
mwle far greater progpcw during the eighteenth 
pftgailon century, in harmony with the general character of 
of M>uDd. the science of that period, Uinn the inductire doc- 
trines of acoustics. Neirton here, as in other de- 
partments, oTcntcpping the limits of knowledge of 
hU day, left a legacy of toil to his iminediato suc- 
cessors. Ijagrange hwl the most distinguisht'd good 
fortune in reducing the theory of aerial tremors under 
their most general conditions to the laws of mecha- 
nics by the calculus of partial diffcrcntialR ; and La- 
place supplied tho link which was wanting U> recon. 
rile tho result with tho known mechanical proportion 
of air. As tho former of these matters belongs more 
properly to the perio«l of the previous Dissertation, 
Laplsoe t aud as the Iteautiful discovery of Laplace has l>oen 
^i^iion more ospeciallT touched upon by Sir John Leslie, 
it will Iw suflicient hero to recall the fact that tho 
spring of air, or the effort by which it tends to ro- 
ezpand under sudden compression or to contract to 
its former bulk when sud<lcnly dilated, is increased 
by the licat extricated in the former case, as well as 
by its absorption in the latter. And os sonorous 
pulsations arc held to consist of a series of cum- 
presses! an<l rariSed waves whose velocity is affected 
by the recoil of air, it appears certain that the velo- 
city must be increased by this circumstance, though 
h is difficult to determine cxporimcntAlly the exact 
amount. 

(434.) The revival of experimental acoustics is due to 
th*8 Chladhi a native of Saxony, hut of Hungarian 

ofcKp«n. e’ttraction, bom in 1766. Little had been done in 
mv&ul this department since the time of Sauveur, who as. 
•coostio. certained the nature of the harmonic vibrations of 
strings, and that of Daniel Bcrnouilli, who considered 
the analogous case of organ pipes. We are indelkcd 
to Chladni for two classes of original experiuumta— > 
his me^isure of tho velocity of sound in a variety of 
bodies by peculiar and ingenious methods; and his 
observations on the vibrations of plates by means of 
the ingenious expedient of strewing them with sand 
and other powders. 

We shall say a few words under each of these 
head.s 

(405.) I. Chladni observed the velocity of sound in air 
of different densities, and in different gases, by using 
diff«rent mctal which was sounded by means of the 

ntedU ; elastic fluid required, and the resulting note enabled 
him to determine by an easy calculation the speed of 
propagation of the tremor. This method (using an 
organ pipe) has Ijcen more lately resort^ to by 
Di^ong fbr the purpose of deducing the properties 


of different gases wifti respect to heat, by ascertain- 
ing from experiment the co-efficient in Laplace’s 
correction for the velocity of sound. Chladni was 
also probably the first to notice tho lonf^itvdinal os- 
cillationB of strings and rods which always yield a 
note immensely sharper than the lateral vibrations. 

By means of the former he ascertained the velocity 
of sound in a variety of woods and metals, in some 
of which it is no less than seventeen times greater 
than m air. These observations are not only inte- 
resting in themselves, but os throwing light on the 
constitution of solid bo<lios. To Chaldni we like- 
wise owe a knowledge of the twisting vibrations of 
rods, which exhausts the modes of vibration of such 
bodies. To connect theoretically the periods of these 
different kinds of movement, has bmn a favourite 
problem with recent mathematicians, but bas not even 
yet been qnitc sncccssfuliy performed. 

The determination of the velocity of sound in (436.) 
water, an experiment by no means difficult, was re- w»wr. 
served for MM. Colladon and Sturm, who ob- 
served it on the I^ake of Geneva, and found it to be 
4708 English feet per second, a result cloaely con- 
forming to the theoretical amount deduced from 
Oersted's observation on the compressibility of water. 

II. But Chladni’s cxj»erimcnts on tho vibrations (437.) 
of plates arc of still greater interest and originality, t’hlmdnl cm 
Though it has been affirmed that Galileo strew^ tl*on^of 
sand or light sulwtances upon the sounding boards pi^tss. 
of musical instruments,* Chladni deserves the entire 
credit of rendering this an exact method of ascertain- 
ing the nofiat tines or points of rest in bodies vi- 
brating in a stable or permanent manner. Ho first 
applied it to plates round, square, or of different 
figures, supported horizontally and caused to vibrate 
by applying a violin bow to their edges. Dust or fine 
sand sU%wed or sifted uniformly over such a plate, 
arranges itself in a variety of beautiful figures, being Aemutie 
tilted from the greater part of the surface, and heaped 
up on those parts which are at rest in consequence of 
the vibratory motion of adjacent parts taking place 
simultaneously in opposite directions ; just as the 
nodal points of a string vibrating harmonically are 
without motion on the same account. The number 
and variety of figures thus producible in tho same ' 

plate is very great, and corresponds, as Chladni 
clearly saw, to dififerent simple harraonical vibrations 
of the clastic plate, being accompanied by their aj>- 
propriato notes ; or by the superposition of several 
such modes of vibration, and of the corresponding 
sounds. The tract published by him in 1787 en- 
tituled, EntdeeitungeH Uber die Theorie des A'tanpes, 
contains numcrousfiguresof these appearances, which, 


* ThU, howsTcr, if vary doubtfol. 8e» Do*r, Rsptrtorium, iU. 106. 
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more re«^t1j, Savart found the means of preserving 
bv transferring them to sheets of gummed paper. 
TTiere arc few experiments in physics of a more 
striking character, or which so plainly reveal minute 
and complex motions so small and so rapid as to 
be difllcultly appreciated otherwise. Mr Faraday 
and Mr Wheatstone have pursued the same enquiry 
experimentally, and the latter has satisfactorily de« 
duced the figures of Gilodni’s square plates from the 
mechanical superposition of simple modes of vibra- 
tion which arc symmetrical and isochronous. {Phil. 
Trant. 1833.) By so doing he has succeeded better 
than the mathematicians, whose results on this sub- 
ject have been very little practical. 

Chladni was the first to make experiments on the 
vibrations of bodies whose elasticity varies in dif- 
ferent directions. Thus he cut plates out of different 
Vinds of wood, and found the nodal curves unsym- 
metrical in different directions depending on the 
course of the fibres. The experiments were naturally 
afterwards employed to lllustrato the theory of ellip- 
soidal waves on the undulatory hypothesis of Optics. 

The experiments of Chladni procured for him the 
especial notice of Napoleon, by whose wish one of 
his works was translated into French. Ho died in 
1827f and besides his acoustical discoveries, he will 
be remembered by the sagacity and boldness with 
which he maintained the popular opinion of the 
fall of heavy meteors from the sky, contrary’ to the 
prevalent scepticism of philosophers. Chaldni's suc- 
cess in establishing this important fact in natural 
history is due, like his other physical iixluctions, to 
the constancy and sitnple-mitidcdness with which he 
attache<l himself to a strictly definite enquiry. 

We must not here enlarge upon the ingenious and 
important investigations of Dr Thomas Young con- 
nected with acoustics. Being chiefly coniicctod with 
his admirable Theory of Light, they will be noticed 
in the chapter on Optics. The peculiarly practical 
and sagacious views of Dr llohison connected with 
the Theory of Musical Instruments and Acoustics 
generally, must also W passed over. 

In Felix S.iVA&Twe find a man like Chladni who 
was especially devot«,‘d to a single and circumscrilie<l 
branch of Bcienot — acoustics. His published researches 
are almost all detached notices in the yintmlft de 
CAimtV, with a few memoirs in the publications of the 
Institute; and whilst they arc very interesting, exact, 
and instructive, I doubt w hether it would l>c }>ussihlo 
to place the results in a connected and cumpndton- 
sive view before the reader. They arc therefo^^ rather 
to l>e sought in the special articles of the Encyclo- 
peedia devoted to the subject. In general they m.ay 
lie state<l to refer to the following topics : — (1.) To 
tlio manner of propagation of sound through the 
air and through liquids, with an attempt to explore 
the manner in which sounds spre.id in apartments 
of dincroQt forms; an enquiry as difficult ns it is 
im}H>rlaul ; (2.) To the generation and audibility of 


musical notes. Previous authors (for example, On the pit>- 
(]3iladni, Biot, and Wollaston) having differed i^ate- 
rially os to the range of audibility of repeated equi- 
distant impressions which affect the human ear as 
musical notes, Savart used a simple method, no 
doubt original to him, but antici(wted I believe by 
Robison, in which a card is held near or touching 
a revolving wheel, and the number of impulsos 
(each double) given to the air by every tooth os 
it passes the cartl, is readily measured. He thus 
found that a note occasioned by 24,000 double vi- 
brations in a second is perfectly audible ; and, at 
the other limit of the musical scale, from seven to 
eight equidistant beats constitutes a sound having 
a distinct According to Savart, two conse- 

cutive double impulses of whatever duration are suf- 
ficient to convey to the car the sensation of pitch. 

But a more elegant and accurate instrument for 
the numeration of sonorous pulsations is the Sirine Sirin« of 
of M. Cagmard db la Tour, unquestionably one 
the most exact and satisfactory additions lately mode i|y^ 
to our experimental apparatus. In it a current of 
air is repeatedly interrupted and renewed, giving 
rise to a scries of impulses similar to those of the 
toothed wheel ; and this apparatus is ingeniously 
contrived, so as to maintain its own motion, and 
record its indicaUons. It is by far the most accu- 
rate known method of ascertaining the pilch of a 
given note. It may also be workdl with water. 

KobUon had also the merit of the primary idea of 
the tiirene, hr making a stopcock revolve rapidly 
whilst applied to a tu)>e emitting a blast of air. (3.) 

Savart e.vlcnddl the researches of Chlarlni by means 8*vtrt on 
of sand to many new cases, and with interesting 
results ; in particular he exhibited the effects of the,oiidf, 
unequal incchaitical elasticity of crystals cut in dif- 
ferent directions. He bus also examined with great 
care and ingenuity, the nature of tho vibrations which 
ueension the accumulations of sand on the nodal 
lines of plates, and he comes to the conclusion that 
they arc dctemiiiied by simultaneous transverse and 
longitudinal movcmcuis (the latter of which are pa- 
rallel to the surface of the plate). In prx>of of this 
he shows that in long ro<la or hollow cylinders, the 
position of the nodes is intermediate and opposed 
upon the contrary sides of the ro«l or hollow cylinder. 

Savart made many experiments on the communica- 
tion of vibrations from one body to another ; showing 
that the molecular movements generally preserve 
their parallelism, so that a longitudinal vibration of 
one body may give rise to transversal movcuients in 
another; and he applies this to the theory of musi- 
cal instruments. 

Savart was bom at Mezi^res in the department of ( 44 a.) 
Anlcnnos, on the 30th June 1791 : and died some- BJogrwpW- 
what prematurely on the IGlh March 1840. 
had some poeuliarities of temper, amongst wliich 
was liis unconquerable prejudi4*e to evcrv thing Eng- 
lish. He did not even acknowledge the iotiuialloa 
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of Kia election as a foreign member of the RotoI 
Society of London. It » to bo rogreited that Savart 
never puhlishod a connected account of bis ob»cr« 
vations. lie had caused to be collected at the ColUje 
dt Fra%\cft «berc he was professor, an unequalled col- 
lection of acoustical apparatus, a great deal of which 
was contrived by himself, and where he delivered 
extensivo courses of lectures on this subject alone. 


Several English philosophers, in particular Pro- (448.) 
fessor Willis, Mr Hopkins, and Mr Wheatstone, have 
written several important detached memoirs on par- 
ticular practical points, fur which we must refer tomtau. 
special treatises.' The first and last of these gentle- 
men, together with some Germans, have approxi- 
mated in some degree to the formation (on empirical 
principles) of a speaking machine. 


CHAPTER V. 


OPTICS. 


§ 1 . Thovas You 5G.— 77ie Vndulaiory Theory of L\yhi.—‘IU hittory from Ume of Iloohe 
and Huyyene. — The Law of Inierferenee. — lU application to Diffraction — to ike Rainbow 
— and to other «ubjeeU.-~~The Theory of Polarization referred to another section. 


Trri history of Optics in theeighteemth century is 
one of the blankest p.*iges of scientific story ; at least 
if we allow Brmlley's discovery of alicrratinn to Im$ (ns 
it realty is) rather an astronomical than an optical 
discovery. Tim moat notable advance was unques- 
tionably the invention of the achromatic telescope 
ns narrated in the Fifth Dissertation,’ founded un 
the proof of Newton’s oversight in the matter of dis- 
persion. The construction of refracting tcicseopca 
ma<lo rapid advancement in the workshop of Dnllonil, 
whilst refiecting telescopes, in the hands first of Short, 
but far more conspicuously, of Sir William Herschel, 
were shown to lie capahle of making uitimagiucd dis- 
coveries. The geometrical theory of optical instru- 
ments was also greatly improved ; but nil this led 
to little increased knowledge conceniing Light itself. 
If we except the valuahle though im|H>rfect treatises 
of Bouguer and Lambert on the Biihject of photo- 
metry, and a paper by Mr (now Lord) Brougham in 
the last years of the century, I'ecalling attention to 
the inficxion of light, the history of Physical Optics 
(as that part of tho science touching more imme- 
diately the nature and qaaiitics of light is now usu- 
ally termed) U almost a blank from the puhltcation 
of the Optica of Newton in 1701 to that of Young’s 
papers almost one hundred years later. 

It is not therefore from overlooking Young’s pre- 
detessors that w« open our review of the recent pro- 
gress of optics with his discoveries. Wo here mnot 


with a man altogether beyond the common standard, 
one in whom natural endowinent and sedulous cul- 
tivation rivalled each other in the protluction of a 
true philosopher ; nor do we hesitate to state our 
belief that since Newton, Thomas Youxo stands un- 
rivalled in the annals of British science. 

He was born at Milverton in SomensetsKire on the (448.) 
13lh June 1773, and his biographers dwell with com- nit e«rly 
placcncy on (he prodigies of his youth, uncertain as 
such attainments confessedly are in sUmping tlien,g,jt,_ 
greatness of the future character. At the age of 
fourteen ho hml learned ('principally for iimuscmcnt) 
seven languages besides his own, and liesidcs had 
made a point of mastering every subject, whether in 
science or miscellaneous knowledge, which he had 
onro determined upon prosecuting. Thus, whil.st 
studying botany he resolved to learn how to make a 
microscope, but finding in Martin's Optics the nota- 
tion of fluxions, he became his own preceptor in that 
branch of analysis. ** He acquired a great facility 
in writing Latin. He compost Greek verses which 
stood the test of the criticism of the first scholars of 
the day, and read a good deal of the higher mathe- 
matics. iiis amusements were the studies of botany 
and zoology, and to entomology, in particular, be at 
that time paid great attention.*** Dr Young’s edu- 
cation was almost completely private. Having been 
brought up according to the tenets of the Society of 
Friends, ho ha<l not thought of going to Ckirahridge 


* iilio lii'rM'liffl Aft amt Whowcll's HirtorH of tkt 7«Mfw<fiW S<ien<f$, vol. tl. 

s It may he bowtver, that th* cmlit luiuDy a*rHb«<l to D^locid mutt be divided, St Issit, with Mr Ilsll, a prl- 

vat« g;enU«Bi«n of WercsstsrohirA, who not only itas^lard bet con«cruct«d scbromatic ai early aa 1783 

Moffazint, 1790, and Pkii. vol. U.) The iotpruvement by Dr Illalr of Edinburgh hat been alluded to la Sir John Laalie'a 
Diaicrtfttioi). It consisted In vnclosiog fluids Id t!i« object of such oMnposiliun m to disperse the several rays of the spee- 
trom in the tamo propertiem to one anolhtr (though uut to the same sbsoluta smaunt) M lh« glass with which It waa combined ; 
thus rendering Uie acbramatUia more perfect. 

f Mentuir ol iha Life of Thomas Young, M.D. 8vo, 1831. Tbs pre*ent taction of the Dissertation w^ written shortly be- 
fore tbe publicfttioo of Uie L^o <tmd MuctlUtotoiU Work* of Dr }i»ung, for which the public Is Indebted to Dr rsacoeh. 

Deftii of Ely, tbs poaacssioa of which would have materially facilitated my task. Wherever Dr Peacock 'a infonoatioo baa 
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(which would have been his natural destinationV and 
entered! the university of Edinburgh os a medical stu- 
dent at the ajrt* of twentyHine. He had already de- 
clined tlie overtures of such distinguished patrons as 
Windham and Burke, resolving to devote himself to 
the pursuit of acience, for which a medical e<lucation 
socme<l to liim a fit entrance hU studies being made 
under the more iuimeiliate atlvioe of his uncle, l>r 
Brocklcsbr. He attcndiNl Black's lectures in K^lin- 
burgh ; whether ho was known to Robison I am not 
aware, though I should bo inclli>c<l to infer that he 
W. 1 S from the terms in which llubison 8{K>ak9 of 
Young when crilici.sing his strictures upon Smith's 
Robison disagreed with him on tins 
point, and also aliouc the nature of light, yet he 
speaks of Young and of his paper on Sound with 
very marked re«j|>cct. More than a year before his 
enrolment at Edinburgh (which took place in autumn 
I79d), he communicated to the RovtiI Society of 
London a paptsr on visli>n, of which wo shall j>re- 
sently give some further account ; anfl was electetl a 
fellow of the Society when just of age. 

From E*linburgh he procctHh*d to Gottingen where 
he graduaU'd; acquiring the Gi-rmaa language, and 
leaving a vivid impression of his astonishing versa- 
tility of talent and powers of memory. Karly in 
1797 he retnrnwl to England, and soon after en- 
tered himself at Emmanuel College, Cambridge, in 
onler to comply with the requisitions of the London 
College of Physicians, and thus to obtain a license 
to practice. For the next few years his time was 
divided much between Cambridge and Loudon. He 
was now twenty-threo years of age, and his mental 
habits too much funned to bend to the rules of Cam- 
bridge study. When the master of his college intro- 
ducwl him to the fellows, he is reported to have said, 
" I have brouglit you a pupil qualified to read lec- 
tures to his tutors, and such, no doubt, was the fact. 
We hear little of his occupations at Cambridge, but 
wo can hardly doubt that his private studies then 
ranged over the vast fields of erudition which he af- 
terwards prove<l that he had made so completely his 
own ; and we canmd doubt tliat ho was then preparing 
the groundwork of his theory of optics, although his 
discovery of interforcnco was certainly not m^e at 
Cambridge, and probably in Lon<lon after his settle- 
ment there in IBUO.^ lli.s first paper on sound and 
light is dated from Cambridge in July 1799. 

I have entered into these details because they 
throw light on the peculiarities of Young’s cha- 
racter and attainments. He was to a great degree 
self-educated ; and his studies in consequence may 
bo called desultory, though none would dare to coll 


them superficial. Mathematicians may consider his 
oc({uaiiitana! with their science as not . techniatlly 
complete, yet one of them .admits that ** he coiiUl 
m.akc a sm.'iH amount of mathematics go farther than 
any one else.*’ Ha<I he l«eon a consummate analyst 
it is unlikely that we should have had in him the 
author of the undulatory theory, the difficulties of 
whitdi ill its earlier stages mo^Jc it unpalatable to 
Laplace, Xhnsson, and the most considerable French 
mathematicians. Having thought out for himself 
everyone of the multifarious subjects with which he 
grappl^nl, his writings have a striking force and ori- 
ginality, and his reports of the labours of others are 
almost invariably drawn from a study of their original 
works. His earliest jtriiicipic was, that what one 
man has done another may accomplish ; and one of 
the m.any respects in which he re«emblo<l his great 
pretleressor Newton, was unlwunded confiilencc in 
the powers of •* patient thought.” Not that he con- 
fined the desire to excel to purely intellectual maltcrs. 
What he found it vrorth while to do at all, ho thought 
it worth doing well. Ho chose to be first-rate in 
dancing and in equitation ; — his penmanship was (in 
his early days) as scrupulously elegant as hi.s scho- 
larship. 

In 1801 Young was appointed Professor of Natu- 
ral Philosophy at the Royal Institution, where he was 
the colleague of Davy. Young had not the qualifi- 
cations of a |K)pular lecturer, and the most important 
H'siilt of his short connection of two years with the 
Royal Institution w.isthe publication in 1807 of his 
Xcetwrea on Natural Philosof>hy, in two largo quarto 
volumes. It is n work {loculiarly characteristic of the 
author ; and is rather adapted for reference hr the 
scholar, than to l»c studied as an elementary trea- 
tise. Its condensation is such as to render it in 
many places olfscure; though when read by one 
conversant with the subject, its comprehensiveness 
and precision are surprising. It is a truly admi- 
rable monument of labour and genius combined. 
Embracing the arts as well as the whole of natural 
philosophy, it seems to include the mention of every- 
thing connectc<l with his vast subject from the 
sinqdest tool of the artisan to the highest specu- 
lations of Newton and Lagrange ; and yet it is evi- 
dent, by the masterly manner in which he handles 
it, that the author h^ made all this moss of know- 
Iwlge completely his own. The catalogue of refer- 
ence« with which it closes indicates on extent of bib- 
liographical research which would have done honour 
to any one who had made that an exclusive object of 
study. Even the plates arc drawn with a studious 
care, betokening well his own mechanical talent. 


vo«blp<l Be to Improve the t«tt I b«vc no< heeiuted to u«« it. The fociliiy of ocmfultation affunJed by th« collection of Dr 
Yotuij; • widely «c»Uercd writiag* U a inoat importaat aid to sU future iludcuta of science, uad one which cannot full to rube 
still higher the greut repuUttou of their suthor. 

9*et. vii, of ih« urtkU I'OLARlSATtoN in this Encyclopo'dia, where. In u bmeketted intvrpol«tloo by the tmzislstor, 
Dr ) oung. be spsolis of this fundutuentul esperiment b«iag mod* “ io tb« room and nt the table on which be is now wriUBg.** 
This nest here been in Welbeck street, London. 
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Maht of the fibres, thoui^h ofhackjioyod subjects, arc 
repre«cntc<1 in a novel manner ; there seems not ft 
line drawn at random. Such 6fru*^s often illustrate 
better tlmn pages of description, the cleamets with 
which an author has conceived to himself the neces- 
sary results of his own principles. An example of 
this may be found in Plate XXX., tig. 412 of the 
first volume, which, as Arago ndates, serve*! ti> de- 
monstrate to him, when lie visited I)r Young in 
1816, that he and Fresnel had Ix^m antiripatecl on 
one point more than they Udieved.^ 

(450.) The absence of algebraic foniiuhe from this work 
was as characteristic of I>r V’^oung as thoir copious 
introduction into arlich*s which he subsequently con- 
tributed to tlie Quarterly Revitv>. He hat! decided 
upon writing a book without symbols, an*l he wrote 
it, though it gave additional trouble both to himself 
and the rcmler. 

451.) We shall now procee*! to trace the progress of the 
umhilatory theory of light, the greatest physico- 
matheniatical discovery of our time, in the establish- 
ment of which Young acted the leading part. 

U5S.) Undulations of Li<jht — Hooke and Huygens.-^ 
umlii* ipjjg pf accounting for the effects and modi- 
th#o^of fications of luminous impressions by *iisturbances 
light— propagated through a very elastic medium was by 
Uouke. jiQ means new at the commencement of the present 
century. We do not, indeed, attach much impor- 
tance to the so-calUxi anticipations of Grimaldi and 
Hooke in the seventeenth century. The former, 
amongst his valuable experiments on the deflection of 
light and fringes of shadows, had use*i an cjcpression 
as to illumination being diminishe<l by the addition of 
light, which is true in fact, and is a correct deduction 
from the law of interference ns we now umlerstand it. 
Hooke, in his Mleroyraphia^ asserts light to consist 
in ‘‘quick, short, vibrating motion but hi* expla- 
nation of refraction by it is altogether erroneous; 
and his application of it to the doctrine of the colours 
of thin plates, though admitte*! by the candid Young 
to l»e an anticipation (unknown to him at (he time) 
of hi* own, has in it no more than n germ of truth 
(like so many of Hooke’>j ingeiiimiR hints, afterwards 
claimed by him as discoveries), which yet only ex- 
plains the fact on which it is founded by means of 
an additional and gratuitous assumption. The germ 
of truth in Hooke's writings is this, that the colours 
in question depen*i upon a mixture of tho light re- 
flected at the first Burinee of the thin plate with “ a 
kind of fainter ray” propagated from the second sur- 
face backwards : the gratuitous assumption is, that 
*' this compoond or duplicated pulse dcKrs pro«]ucc on 
the retina the sensation of a yellow;'* why it docs so 


is not explained. This was in 1664, before even New- 
ton was ao^uainted with the analysis of white light. 

Hooke's idea that yellow, or any other colour, was 
tho result of the conflict of pulses simultaneously 
reaching the eye, was an (usertion, admissible, per- 
haps, at that time, os expressing a fact ; hut surely 
not A priMif of interference pro«iucing reinforcement 
or annihilation of light, as taught by Young. I am 
not aware that Hooke ever even reiterated his opinions 
on this subject after Newton had analysed the phe- 
nomena experimentally, and shown that the colours 
of thin plates result from the superposition of bright 
and dark rings of dilTen-nt prismatic hues, each with 
its approjiriato diameter. It was then apparent that 
colour was only an intfircce eflect of interference. 

But whatever may l*e thought of the theories of (453.) 
Hooke, those of Huygens deserve a far more eminent 
place in history. Having already l»een succinctiT a<l- f ** 

verted to in Professor Playfair’s dissertation, we will 
only oWn-e that the TmiH de la Lumiire (1698) is 
an admirably composer! and reasone*! Uratise on tho 
phenomena of light on the undulatory hypothesis. 

The uniformity of its pro|>agation through the celes- 
tial spaces, its rectilinear course in onlinary circum- 
stances, the laws of its reflection and refraction, arc 
there explained with a degree of elegance and preci- 
sion which ought to have excited (wc must think) 
general attention and assent, but for the ascendancy 
of Newton’s authority, and the astonishing and Wau- 
tiful nature of the experiments on which his theories 
were baser!; whereas Huygens referred to few expe- 
riments except those of the simplest kind, and the 
phenomena of colour were (for good reasons) left 
chiefly oat of view.* Such being the case, Huygens 
may fairly be consideit'd as the aullior of the undu- 
latory theory, which he supported by such convincing 
proofs. 

The fundamental principle of the Iluygcnian (454.) 
doctrine was the same as that which H*Mjke ad- 
mitted, which was probably far older than his time, 
namely, that all space, including the interior of.ioab1er«- 
trans[Mirent bodies, contains an rtAcr whose piilsa- fraction, 
lions communicate the sense of light to the eye, as 
waves in air wnvey to the car impressions of sound. 

To this he added the assumption, that in n-fracting 
media, such ns gloss, tho pulsations are ret-ir^Ud ; 
whereas in Newton's theory, ns is well known, the 
propagation of light is assumed to he fastest in dense 
media. The “ law of the sines** in refraction, is de- 
duced as a consequence ; and one of the prettiest ap- 
plications made of it is to tho phenomena of atmo- 
Dpherical refraction. But the most important features 
of the whole investigation arc theso two— (1), tho 


^ Tli« rcfcrcnc* of Armgo, in hit origtual Uo^€ of Yoaog. it to p. 33T of th« obrloatiy by mirtake. tn the first 

volaine of bit (Arago't) rolitct»d work* it it corrwUsl lata p. 7B7, mhkh it ot ccruiDiy rorrt«X. 1 httv tuppoMrJ fig. 44t! to bo 
more pmbfibly th« ooo referred to thta 445. to which Dr Ptrorock rtffers (Li/e of Yimnjf, p. 389). 

* KeTertbei«>«8 the Huygenian Theory of l.lght wat propounded at the subject of a t^tit at 8t Aodrewt by Psvid Gregory, 
wbiltt profewor of >»aihem«tlca there, within about a y*«r of iU publication (indading' altu the Newtonian doctrine of grat ity), 
— a pleating proof of the activity wbicb lh«Q reigned Id that univenity. Principal L«ve pottettea the original prv>grani»e. 
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priitciplv thal the impression of a waxq of light 
on a tu*r(>cn is to be fo(in>i bv considering the simul- 
taneous effect of the wji’eieU pro|>agate<] from all 
the points disturbed at anj pn-rious munient (which 
points form what is called the front of a wave). 
It is only when these partial impressions concur 
that they are strong enough to atfcct the sense of 
vision (2), the representation of the phenomenon of 
double refraction by a wave of two shecis, or the 
simultAneous propagation of spherical and spheroidal 
waves in one an<l the same inoiiium. Of the last of 
these doctrines 1 shall speak in the next section in 
connection with the discoveries of Malus. With re- 
spect to the former I may here ol«erve that it give* 
the only satisfactory explanation of the primary dilli- 
colty of the undulatory hypothesis, — namely^ that a 
beam of light admitted by a hole in a screen pursues 
a rectilinc4ir course afterwanls, instead of spreading 
sideways, as do waves in water, and wavc.s of sound. 
Huygens shows, on elemeiitanr and convincing prin- 
ciples, that the lateral im{»rcssions of the wave are 
rapidly extinguished by the want of coucurreuce of 
the impulses which they communicate to the ether. 
This is necessarily true when the breadth of the aper- 
ture U such as U> exceed vastly the length of a wave ; 
and such is <Uway* the case with light, hut rarely in 
any other instance. It is, in short, only <mmc- 
liiittely in front of the aperture that the disturliances 
originating in every part of the front of the original 
wave embraced within the aperture, concur in pro- 
ducing an accordant movement on the ether. 

This principle, more fully stated, by which everv 
luminiferous disturliance of tlic ether is considered 
as the resultant of all the pro-existing disturbances 
to which it is due, constitutes what is sometimes 
calle<l the priucipU of of which I shall 

have more to s.ay hereafter. 

Neither at the time of its publication, nor for 
more than a century aAerwards, was the value of 
those reasonings understood. It would bo beside 
our present object to discuss Ncwton*s opinions ; but 
it is too certain that he did not allow Huygens* argu- 
ments on the undulatory nature of light to have any 
weight with him. Not that he was averse (as is 
often supposed) to the presence of Ether as modify- 
ing the corpuscular theory of light; on the con- 
trary, in uiany of his minor writings ho speaks of 
its existence &s all but certain, and ns a requisite 
adjunct to the corpuscular hypothesis to which he 
h^ been led by the facts of rellectimi and refrac- 
tion.^ But he never adjusted the terms of a compro- 


mise, and must be held, we think, to have left behind 
him no substantive theory of light worthy of the 
name. The. question never |>erhape very seriously 
cngngoil his attention after the publication of Huy- 
gens' l>ook ;* and we know that about that time his 
intellectual energies received a shock which left him 
indis(Misc<l fur the fatigue of constructing new theories, 
and still more disinclined to publish them. 

Euler, thotigli be professed to defciid an uiidula- ( 457 .) 
torr theory of light, treated the subject in a point of Eal«r. 
view chiefly mathentatical, and hetraye<l that uncon- 
cern aliout physical theories which cKaractcrizrd a 
ruiud steeiM:^ in geometric abstractions. He even 
retrograded; forhediil nut maintain the Huygenian 
cxpl-nnation of the cause of definite shadows. 

l*yu«7 on tfie Un>lulxttory Thiory-^JhJ^rartion. (468.) 
-—One hundreil and ten years after the publication of 
the I'rtM/rf </<f In ZurmVrc of Huygens, Dr Thomas theory 
Young rc-opoued the theory of light or^Pliysical Op — Dlffrae. 
tics," as he UTmod it. His experiments and reasonings **“**• 
will lie found in a scries of {upers in the I’hiloso- 
phical Transactions for 18UU, 1801, 1802, and 1803.* 

These memoirs arc of no great length, and deser>e 
the most careful study. They are jKThaps among the 
clearest and plainest of Young's writings, although 
Homed at the time for defects precisely the reverse. 

They are eminently marked by penetration, profound 
induction, ami candour of aigumenl. Starting from 
his studies in acoustics, the transition to optical 
questions is extremely gnulual. Young was, cha- 
racteristically, a good musician in practice, as well as 
a profound one in theory, and his |Miper of 1799 is 
principally acoustical, in it he attaches conse- 
quence to showing that the divergence of sound from 
tlie direction of iu emission is slower and less com- 
pletcthan it iscommonlybelievotUobe. and he applies 
the analogy to the existenocof mysof light and defluite 
shadows, in one short section ho sums up the chief 
points of optical doctrine which lead him to prefer 
the theory of Huygens to that of Newton. Amongst 
the facts lietter explaine<l by waves than corpus- 
cles, we find reckoned luflcction and the Colours of 
thin plates. But all this ta stated in a very general 
way, evidently rather as a conclusion towaids which 
his mind had for some time been tending, than os the 
result of demonstrative proofs. In his paper of 1801 
the undulatory doctrine is methodically cx{>oundcd in 
a series of propositions, accompanied by proofs. The 
accurate detinition of shadows is shown to be possible 
and natural on that theory, as well as the usual phe- 
nomena of reflection, refraction, and total reflection. 


^ Tbu« Nen-ton write* lo 1676 : — Were I b> uiuae an hypot>ie«it, U should b« this, if propuuailed room so m not 

todetersiioe what light i* farther than that it la •omething ur other capable of eiclling vibration* in Um ether ; for tbo* it will 
became m> general and cnni|ircheD*ive of other hypothe*M a* to leave little room fur new one* to be invented." And sgsin, — 
** Do not the Boct refrangible rarcexciu the ahoruwt vibration* [of the retinal. Lbc Ua*t refrangible the largeat t" — Birch'* Ui$t- 
of Kotrol Soekly, quoted in Young'* L<(turt$, U. 616. 617. Sir D. Drewatcr of Xtwtom, 1866, vol. i. }*. U8) cuneider* 
that euBie paaMgoa in tb* later edition* of Newton'* Optitt ihow that he had de|kart*<d from any thcK>ry of undulation*. 

* The though pabllihrd io 1704. had been written principally in 1675 end 1687 (see Preface). 

* They may be more conveniently oontultcd a* reprinted in the second viduin* of hi* Lttioru «n .Vuiwroi PKkvfoykf, aod In 
bi* J/wce/liraroM IT^rt!*, vol. 1. 
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The partial reflection which alwars accorap.'inics re- 
fraction IB atron^lv and justly insisted on as an ob* 
vious consequence of the theory, while it require* a 
separate hypothesis on Newton’s. But the chief 
weight is claimetl for the eridonco from the colours 
of heate<l surfaces, of thin plates, luid of diffracteyl 
shadows, all of which the author explains by the 
mixture of two portions of light wnveying to the 
same particle of ether at the same time either ac- 
cordant or opposing motions, thus redoubling or 
destroying the light. Of these the splendid iri- 
descent colours reflected by surfaces having fine 
equidistant linos drawn upon them, admit of the 
most elementary and striking explanation. The 
reflected image of a luminous point viewed in a 
mirror tlius cut up by parallel linos, consists of one 
common reflection and numerous lateral images 
which are coloured, and in which tlie angles of inci- 
dence and reflection arc not equal, thus contradicting 
one of the axioms of common optics. Young showed 
that the scattered waves of light recover the faculty of 
appearing when the surface of the plate is seen under 
such an angle that foreshortcnc<l internals between 
the scratches amount severally to the length of one 
undulation or a multiple of it} for then the waves of 
light scattered by the reflecting surface will not come 
entirtt to the eye, hut each will have a part systema- 
tically suppressed by the non-rcflcM:ting space of the 
gniovc, so that the remainders being nearly in one 
phase, concur in making a general impression. This 
experiment, therefore, literally presents us with the 
paradox that by rHpprtt$'mg half the lights the re- 
maiWcr is not sabered to he exUngniahtfi by it. The 
different colours appear reflected at different angles, 
because the obliquity must vary in order to be ac- 
commodated to tbeir several wave-lengths, and each 
colour undergoes several repetitions corresponding 
to breadths representing the successive multiples of 
a wave-length. 

Precisely similar in their origin are the coloured 
rays scattered by fibrous substances when held be- 
tween the eye and a small point of light. If they be 
numerous and all of the same diameter, such fibres 
will suppress symmetrically portions of waves, and 
suffer the oblique effect to ^ perceptible. Dr Young 
most ingeniously applied this principle to construct 
an Eriometer or measurer of the fineness of fibres. 
The diffracted light of any order and colour from a 
distant flame will bo seen at an angle with the prin- 
cipal or white image about four and a half times 
greater when viewed through the down of the beaver, 
than in the case of Southdown wool ; being Ihe in- 
verse proportion of tbc diameters of the fibres which 
compose them. 

Xow of Interference.— the cri- 
tical and characteristic experiment of interference in 
its simplest shape was published two years later, in 


the Bakcrian I^ecture for 1803.^ A small hole 
being made with a needle point in a piece of paper 
applied to A window-shutter, and a sunlicam l>eing 
directed upon it by moans of a mirror from with- 
out, a cone of light is thrown into a darkened room. 

A slip of cord onc-thirtieth of au inch wide being 
held in the sunbeam, its shadow was ol»served on 
the opposite wall or on a moveable screen. There 
were seen fringes of colour exterior to the shadow 
on each side, such os Newton had described, and on 
which Mr Brougham an<l others had made experi- 
ments. But besides these, the narrower and less 
conspicuous fringes seen in the interior of the ehndow, 
and first descrili^ by Grimaldi, were found by Young 
to have this remarkable property, that they disap- 
jieared the moment that the light passing either edge 
of the canl was intercepted, whilst the exfertor fringe 
was not at all affected by that circumstance excepting 
on the side where the light was stopped. 

Young at once perceived the significance of this M61.) 
admirable fact. The existence of light within the 
slindow at all, was evidently due to the bending ofe,pUja«d. 
the wave round the opaque edge ; but the alternation 
of light and dark spaces required the union of the 
two lights from opposite edges, which, immediately 
behind the centre of the obatacie, must have de- 
scrilicd exactly equal paths, and therefore nniteil in 
the same phase ; but a little way eitlicr to the right 
or left of the centre the phases were discordant, and 
complete and cflcetual annihilation of the light re- 
sulted. In fact, when the experiment is performed 
under fiavourable circumBtanccs, the result of the 
union of the Ught is perfect blackness tn these places^ 
hut if half the light is stopped the dark spaces be- 
come luminous ! 

This splendid paradox may also be demonstrated ( 462 .) 
without any bending round the edges of bodies, and MlxeU 
consequently without any inflexion in Newton’s sense 
of the word *, and this simplifies the conditions mat4>- 
rially. In order to effect this, Fresnel (many years 
after) produced interference bands by allowing light 
omitted from a very small luminous point (on image 
of the sun formed by a lens of short ftKUs) to fall 
upon two mirrors touching at the eilge, and inclined 
to one another at an angle very little less than 180^ 

By the common principles of reflection there will bo 
a space beyond the inirrurs whore the light reflected 
from the respective mirrom overlaps, and except in a 
single line within that space, the paths of the two 
rays meeting in any point will he different When 
this difference amounts to a whole number of undu- 
lations, an exalted brightness results ; when the un- 
dulations arrive in opposite phases or the centres of 
one set of waves concur with the ends of the other, 
blackness results. The experiment may even be 
made with a singlo mirror which a ray of light just 
grazes, and after reflection mixes with the direct light 


1 SiietsU. H*orS«, vol. t p. 179. 
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which had in the first instance passed clear of the 
mirror.* Here evidently we have the required con- 
dition of double illumination with difference of paths. 
The same efiect is obtained without either Inflexion 
or Reflection by refraction through an excessively 
flat prism. 

(463.) B matter (comparatively) to assign the 

L«Dgih of lengths of a wave of light, from the intervals of the 
lines, or still better from the elongations 
Ug^*****^” of the coloured images produced by striated surfaces, 
the intervals of the stris being given. Newton's 
me-aaures of the intervals between the lenses pro- 
ducing coloured rays, gave Br Young the following 
for the number of undulations contained in on inch 
producing each colour: 


£itr«>m» Rffd 37,640 

Boaodtry R«d sad Orsags.. 40,720 

OrsQgs sad Yellow.. 42,610 

... Yellow sad Greea...,, *. 46,600 

... Green end Blue.... 49,320 

... Blue sad Indigo... 62.910 

... ladlgo sod Violet. 66.210 

£itr«ine Violet...... 69,760 


Now the velocity of light is known, that is, the rate 
of propagation of a disturbance in ether ; but the 
duration of an impulse, or rather the interval between 
two successive impulses striking the eye and pro- 
ducing the effect of colour, is the time that on impulse 
Number of takes to travel over the length of a wave. It is easy 
TibrstioDs to see how almost infinitely short this must be : 460 
In asecoad. of millions of such impressions in a second 

of time go to make up the sensation of redness, 736 
millions of millions that of violet light. 

( 464 .) It might be supposed that Young's discovery and 
Oppoultioo it£ application excited the notice and applause of all 
Wet^**”* • persona interested in optica. This was very far from 
being the case. Though he brought it several times 
in succession and in dilferent forms before the Royal 
Society of London, there is no evidence, so far as 1 at 
present know, of his having then obtained a single ad- 
herent. Bavy was no optician ; Wollaston was too 
cautious to commit himself, though probably giving 
a tacit assent ; Cavendish was ag^, and besides had 
attendcxl less to this subject than to most others ; Sir 
William Hersehel had only lately taken up phy- 
sical optics, and that with reference to the qualities 
of the spectrum least connecte<l with Young’s obecr- 
vatioDs. At the Royal Institution Young vainly at- 
tempted, in the elaborate course of lectures which he 
there delivered for two years (1801-3) on natural 
philosophy and the arts, to arouse a |K>pular inte- 
rest in the unveiling of these mysteries. The ab- 
HtrusencsB of his discourses scared that mixed au<li- 
cnce, un<l his colleoguo Bavy, in a letter, inci<lcntally 
observes that Young would bo satisfied if any one 
would even oflTcr critidsms on his opinions. Criticism 
of a certain kind, however, he soon got in abundance. 
Tbo Edinburgh Aeetrw, in iU second number, under- 


took to crush at once the theory of Young and his 
reputation as a philosopher, and this (in singular 
contrast to its avowed principles), not by argument, 
but by an appeal to the weight of prescriptive autho- 
rity in favour of the Newtonian hypothesis, conclud- 
ing with an admonition to the Royal Sodety to cling 
to its old standanls and old eelebrities, and to save 
its Transactions from degenerating into volumes of 
miscellanies. This attack, paltry as it was, seriously 
prejudiced the reception, or even the disinasionate 
consideration of Y'oung’s views, llis anxious vin- 
dication put forth in a separate pamphlet was unread, 
and the doctrine of iuterfereucc was first understood 
and relished in France ten years later. 

Theory of ths Rainbow,— li is a matter of interest (466.) 
in several points of view that the phenomenon of the 
rainbow, which gave the first suspicion of the vary- incom- 
ing refrangibility of light, and which, when explained pt«t« with- 
and reduced to calculation by Newton, so convin- 
dngly proved the truth of the doctrine of the compo- 
site nature of white light, was destined in the hands reoc«. 
of Y oung and of his successors to yield one of the moat 
refined evidences of the extensive application of the 
doctrine of interference. The general fact of the ar- 
rangement of colour in the primary and secondary 
bows Newton accounted for. But the tpurioui or SpuHotts 
supernumerary bows occasionally seen u>itAm the 
primary, and far more rarely beyond the secondary, 
consisting of reddish and greenish bands, remained 
unexplained. The brilliancy of any given portion of 
the rainbow depends upon the deviation of the sun's 
rays by two refractions and one reflection, approach- 
ing to a limit which it cannot overpass. But except at 
this precise limit an amount of scattered light will 
reach the eye, which, though not reflected under the 
most favourable circumstances, yet is still sufiicieDtly 
intense to be visible. This light must be composed, as 
Young showed, of two portions, entering the eye in 
the same direction, but which have pursued difleront 
paths within the drop, and which never coincide except 
at the extreme geometrical limit before mentioned. 

When one of those paths differs from the other by the 
length of half a wave of the particular kind of light 
cousidercii, darkness will result, but a feebler maxi- 
mum will be again attained when the interval rises 
to a whole wave-length, or to two or more. Hcnre 
these consequences follow — first, that the bright part 
of each colour is limited by its self-destruction to a 
narrow band, and thus the purity of prismatic colour 
so striking in a wull-formed rmubow is preserved ; 
secondly, that each colour may attain (by interference) 
a second and a third maximum, corresponding in fact 
to the position of the spurious bows ; thirdly, that 
these phenomena of perfect definition of the primary 
and secondary Itows, and of repeated maxima in the 
supernumerary bows, depend essentially on this condi- 
tion, that the drops of falling rain shaU approach to 


* Thli ciperln>«nt [• uiually'(an«] juttly) ueribed to u cnincot ftod smltblc DruUb phi} 0 M>ph^r. But It bsd slrtsdy b««n 

purforaed by Fr««Q«l with % ipuciul objsct. Bet Ann. dt CAi'mm <i d* Pkyn-fut, tecoad terlet, xv. 382. 
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a ffenfral e^ptaHty of site. For the effects of inter* 
feronco depend on the precise diameter of the drop ; 
if these be very various the resulting positions of 
maxima and minima will be altogether confused. 
Dr Young pointed out that to accord with the phe- 
nomena the falling drops must be about of an 
inch in diameter. 

(466.) I have merely indicated the nature of an argu- 
of extreme interest and beauty. Itwouldltcdiffi- 
ot«noe of cwlt to cite {except perhaps in the science of physical 
the rmio- astronomy) a more complete specimen of gradual in- 
V * <J“ctive reacarch. Hero is a phenomenon — the rain- 
Tbftorj ^ familiar as it is beautifuL Even a partial in- 

sight into its cause confers a certain reputation upon 
one individual (De Dominis), its farther explication 
gave Newton one of his most popular triumphs. It is 
then found that the rainbow is not so simple a fact 
as was supposed, and that Newton's theory accounts 
for only iU broader features. Then, os in the theory 
of gravity, a long period of uncertainty ensues ; but 
obserrations are continued. A perfect rainbow is 
found to be one of the rarest of natural phenomena, 
instead of the commonest Not above two or three 
individuals have ever seen, or at least described one. 
Then comes Dr Young, with his theory of interfe- 
rence and diffraction. This theory not only accounts 
for the spurious bows, but for the precise appearance 
of the principal ones, which, but for it, would have 
been diffinent from what Newton supposed. Finally, 
after being canvassed for more than two centuries, 
the theory of Young is carried out into its rigorous 
consequences by Mr Airy* and Professor Stokes* 
(who must first invent a new mathematical method 
for the purpose) and illustrated by the ingenious ex- 
periments of M. Babinet and Professor Miller ;* until 
at last we begin to believe that we understand this 
matter completely. 

Ei^l*) Frin>^(s of Shatiows. — 1 have men- 

tioned only generally Young's application of his 
•bsdowt; theory to the coloured fringes observed by Grimaldi 
and Newton to surround the outline of bodies, as 
thrown in shadow by a luminous point npon a dis- 
tant screen. I have done so bemuse Young's ex- 
planation was imperfect, not to say incorrect. But as 
it would be inconvenient to discuss the subject here, 
I shall briefly indicate its history and result Dr 
Young expresses himself more obscurely in his paper 
of 1801 on this point than on any other, indicating 
three possible ex^anations. In 1803, however, ho 
distinctly adopts the opinion that the periodical 
colours in question arc due to the interference of 
diroct light passing near the opaque edge with a por- 
tion of light very obliquely reflected from that edge ; 
and ho enters into calculations to show that such a 
theory represents sufficiently well Newton’s measures. 
But it is unaccountable that Young should have been 
•atufied with the belief that the screens employed 


should in et>cry case have reflected an appreciable 
quantity of light (or indeed any light at all) in the 
required direction. It might he conceivable in the 
case of a cylindrical wire or a cylindrical hair; but 
how could a film of gold-leaf or a slip of paper re- 
ceiving the light on its brood side furnish such a de- 
gree of oblique illumination ? It is wonderful that 
Young’s intuitive sense did not perceive that the por- 
tion of a luminiferous wave passing near an opaque 
edge, is deficient on one side of the interfering wave- 
lets which are necessary to make the boundary of 
the shadow definite, and to extinguish the laterally- 
spreading light. In short, he did not allow to Huy- 
gens’ principle (see art. 455) the full breadth of its 
application — a discovery mode some years later by 
Fresnel, who has the cr^t of first explaining these 
exterior fringes. • 

That great philosopher (the worthy rival of Young (468.) 
in this career of discovery) found the means of com- 
puting, on strict geometrical principles, the sum 
of the disturbance produced at any point of a screen to Kr«an<J. 
by the whole effoctivo portion of a luminiferons wave 
partially stopped by an obstacle of a given form. 

The principle of the calculation is simple enough. 

The origin of the light being distant, the front of the 
wave is considered as flat when it breaks against the 
opaque body. Its front is then divided (in thought) 
into small elementary portions, each of which is con- 
sidered as the source of a disturbance propagated as 
from a now origin. The effect of each wavelet is cal- 
culated in terms of the co-ordinates of its origin, and 
of the point where its effect is to be considered. The 
sum of all these simultaneous effects is collected by 
integration, a process which unfortunately is only 
rigorously possible in a limited nnrober of cases. 

Some of these cases were solved with great ingenuity 
by Fresnel, and compared with observation. The re- 
sult was extremely satisfactory. Yet it is curious to 
observe that Young's explanation, if it had had a 
sufficient physical basis, leads to nearly similar re- 
sults. In the case of an indefinite opaque body with 
a straight edge, the illumination precisely at the 
boundary of the ’^geometrical” shadow is, on Fresnel's 
theory, onc*fourth of what it would have been were 
the b^y removed. Within this line the light dies away 
gradually, having no maxima or minima. Without it, 
a series of dork and light hands occur, which rapidly 
blend into a uniform illumination. The same theory 
leads to results as to the position of the interior bands 
which are also somewhat different from the simpler 
calculation of Young, and still more conformable to 
experience. Amongst the most singular of these re- 
Buiu is this (which is perfectly confirmed by obser- 
vation), that the shadow of a small round opaque 
body (as a spot of tin foil) is illuminated by a 
speck of difiiacted light at its centre precisely 
as bright as if the disk were removed ! How, after 


* Canb. Trsas., vdl. vL (1638.) * Ibid., vol. U. (1650.) 


* Ibid., voL vU. (1843.) 
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this, can we talk of light os moving in straight lines 
only t 

( 469 .) We must now a«!rert to the peculiar and disadvan> 
Togng's tageous manner in which Dr Young laid his farther 

fartli«r re- ^'searches before the world. The optical papers in the 
i*biloso}*hir‘Ml TranMiirtiouM^ ending with I803» were 
asony- the last which he published connected with his theory 
in that work, although he continued to be Foreign Se- 
cretary until his death twenty-fire years afterwards, 
ond although during all that time ho never ceased to 
extend and |»rfcct his views on the subject of his predi- 
lection. The explanation of this paradox is to he found 
principally in the strictness with which he interprete<l 
the allegiance which he owed to the medical profes- 
sion. He had determined to Itc a practical physician ; 
his early principles of action preventc^l him from 
• doing anything by halves ; and all experience affirmed, 
that to gain confidence as a physician in the metropolis 
ho must cultivate sparingly, and as it were by stealth, 
thestudica of abstract science and of philology in which 
ho delighted. Unquestionably he was also disgusted 
by the absence of one single supporter amongst the 
members of the great society referred to, — by the in- 
jurious petulance of the then popular critical journal, 
— and by tiie impossibility under which ho laboured 
of communicating orally his knowictige to a general 
audience m an interesting and acceptable manner. 
The result of all this was the suppression of many of 
his Opinions, and the publication of others in so con- 
cealed and uninviting a form Uiat they remained 
for years nearly buried and unknown to men of 
science. Ho contributed a scries of articles on sub- 
nUarticlM jeets connected with light to the Quarterly Rexiew ; 
in th« and we may well smile at the abstruse and really ob- 
score dissertations on detache*! points of science — 

’ often unmercifully loaded with algebra — thus inter- 
spersed with articles of popular criticism for the enter- 
tainment of the ixading public. From some of these 
papers wo may readily gather the soreness which he 
felt at tho cold reception of his discoveries. Farther 
and still more important original .speculations were 
contained in a series of anonymous papers (sixty- 
three in number) on a vast variety of subjects, Iwth in 
science and philolc^, contributed to the Eneyelopir- 
•nd £mef^ oftti Britannicn, It is not in a work such as this that 
usually look for the ^rgt publication of great and 
original views r the articles being anonymous could 
only very gradually attract notice by their intrin.sic 
merit; and the obscurity of some of those written by 
Young rendered this difiicult enough. But it is most 
fortiiuate that he was induced thus to write : many of 
his most original thoughts must have been lust but fur 
these concealed repositories. In the articles in the 
y«arfcWy Review, for example, we watch with inten*st 
the impression which contemporary discoveries made 
upon his mind. The spheroidal wave of extraordinary 
relnction is explaincfl by unequal elasticity of the 


^ K€v., vol. fi. « 


crystal in different directions ;* the discovery of polar- 
ization by reflection is received with characteristic can- 
dour, ns giving a temporary blow to the undulatory 
theory whilst in a later paper the cause of chromatic 
polarization is convincingly deduced from the prin- 
ciple of interferences, and in the space of two lines 
the peculiar colourc<i laminn occurring in Iceland 
spar, which had lioen notieetl by several experi- 
menters, arc accounted for.* 

From about 1815 the optical discoveries of Young (470.) 
were so intimatclyconncctodwith those of his younger 
friend and rival Fresnel, that it seems best to defer 
our account of them until we consider (in § 3 of this ftrred to 
chapter) the peculiar researches of Fresnel, which % 3* 
ultimately reudcrc«l the phenomena of polarization 
the most impregnable position of the partizans of the 
undulatory thooiy. The first great step was the con- 
ception of transversevibrations ofether, as constituting 
|K)larization. This, as wc shall sec, was first pu5- 
liehfd by Young. It is to be regretted that the tardy 
and imperfect publication of Fresnel’s memoirs on 
the one band, and the resolution of Young to adhere 
to an anonymous and indirect mode of announcing 
his dtseoverics, on the other, render the history of 
the subject somotimea obscure. The correspondence 
between them, first fully published by Dr Peacock, 
throws some light upon it; but several important 
letters have not licen recovered. 

I had intended devoting a jiortion of this section to (471.) 
Dr Young’s important and ingenious researches on the Phy*loiofy 
physiology of vision. But the length to which it has al- 
ready extended obliges me reluctantly to omit it. I also 
refer to the chapter on mechanics (Art. 344, Ac.) for 
some notice of his masterly reasonings on the princi- 
ples of carpentry and the flexure of elastic substances. 

They are characterized by directness of purpose and 
a consumiuatc command of ordinary mathematics, 
unaccompanied by any pretension to symbolical dis- 
play -it might lie added too, by the obscure concise- 
ness of Dr Y oung’s habitual stylo. His researches (pre- 
ceiling and anticipating those of Laplace) on capillary 
attraction have also bwn referred to (432), as well at 
his masterly investigation of tlic tides (80, 81). ItloUrpr^ 
di>c» notlieloiig to this treatise to speak of his disco- 
very of tho interpretation of hieroglyphics in certain 
coses which gave the first real impulse to this obscure 
but interesting subject. The successes of Champollion, 
Rawlin.son, and others, in similar undertakings, must 
logically be connected with the first great step of de- 
cyphering the polyglot stone of Rosetta. It may safely 
be afitrincd that no philologer ever before made such 
a discovery in seJeneo as the law of interference, and 
that no natural philosopher ever made such a step 
in the interpretation of a IcMit tongue as the forma- 
tion (up to acertain point) of an Egyptian alphalict. 

We cannot close this imperfect sketch of one of (**2.) 
tho greatest ornaments of our age and nation^ without 
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YouDg’a adding, that in prirate life Dr Young was exemplary ; 

endued with warm aflcctiuns, philosophic moderation, 
* and high moral and religious principles, liis office 
as secretary to the Board of Longitude (the only 
public p^romotion he receired), was atten«led not only 
with immense labour in editing the Nautical Al- 
manac, but with Tcxatiuus contentions, which in his, 
as in so many other cases, tended to diminish his 
usefulness and even shorten his life. To the petty 
persecutions with which he was assailed, it was owing 
that the health which the unbroken study of hfly 
years ha<l not impaired, at length gave way, and be 
umI dcAib. ygt in prime of intellect, the 10th May 
1829, within a few months of his honoure<l asso- 
ciates and friends, Wollaston and Davy. He hod 
been elected two years previously one of tho eight 
foreign associates of the Academy of Sciences of 
Paris. 


Dr Young's philosophical character approached in (473.) 
many important particulars to that of Newton. With ^U«ophl 
much of tho inventive fire of Havy, and of the roo- 
toning sagacity of Wollaston, he combined an amount 
of acquired learning, and a s^rsatility in its applica- 
tion, far superior to both. We do not ascribe to him 
on intuitive insight so rapid and almost divine as 
that which distingnishod the author of the PrinetpM 
al>ove all other men, nor had Young tho same strictly 
mathematical ability; but like Newton, whatever he 
did was practical and sound ; nothing was done for 
show, nothing omitted through haste. “ The power 
of patient thought” was the lever vrith which he 
moved the world. His self-conGdenee was great but 
unobtrusive. He attained, as he himself smd, all the 
main objects to which he liad lookecl forward in life, 

“ such fame as he valued, and such acquirements as • 
ho might think to deserve 


(474.) 
Ual(u-~tb« 
poUtrita- 
tion of 
light. 


(47S.) 
Csrly hb- 
iurj of 
double 
fructioo— 
lIuygODf’ 
law. 


§ 2. Malua. — Di$covtry of th^ Polarisation of Light hg Jt^fection. — Karly History of Double 
Refraction ond Polarization. 


ETrtJfWi Louis Malus was bom at Paris on the 
23d July 1775, and died on the 24th February 1812, 
afler a too brief hut brilliant career. His principal 
discovery, that of tho polarization of light by reflec- 
tion, is BO intimately connccte<l, both historically and 
by the nature of the case, with double refraction, that 
I shall briefly sura up the scanty progress of that 
singular subject previous to his time. 

It was known to Bartholin of Copenhagen, about 
16G9, that Icelander calcareous-spar has the pro- 
perty of dividing a ray of light, which falls upon it 
in almost any direction, into two; one of which is 
refracted according to the usual law, but the other 
in an extraordinary manner, wluch was first analyzed 
by Huygens — a problem of great difficulty, in whiclx 
Newton not only faile<l, but he also err^ in con- 
tinuing to pronounce Huygens' solution false. The 
solution was this, that there is one direction in the 
crystal parallel to which both the rays (calle<l the 
onlinary and the artraort(in>iry) move in a similar 
and uniform manner. In other directions their pro- 
pagation may be expressed by considering the ordi- 
nary ray within the crystal to be due to a spherical 
wave (the centre of which coincides with the point 
of incidence), whilst the extraordinary ray corre- 
sponds to a flattened spheroidal wave concentric with 
the former, and liaving its axis coincident with a 
diameter of tho sphere, and parallel to the minera- 
logical axis of the crystal. Both rays, on the Huy- 
genian hypnthcsii, move slower than in air, hut the 
extraordinary ray everywhere faster than the ordi- 
nary ray, excepting only in the axial direction. A 
perfectly plain though necessarily complex construc- 
tion was given by Huygens for the purpose of tracing 
Itoth rays iu the course of their rcfractioo, founded 
on this idea. 


Newton's opposition to Huygens' law as a state- (^76.) 
ment of fact loft it for more than a century under tyWouiui- 
partial doubt. ILiily is state-i to have verified it, or t/n j 
at least to have shown that it approached nearer to 
the truth than Newton’s ; but Dr Wollaston first re- 
established it in 1802 by eonclusivo experiments, 
which, however, lie found it impossible to connect by 
a law until the previous generalization of Huygens 
ha<l been pointed out to him, — ^most prolKiblyby Dr 
Young. 

It was se>'oral years later that Malus dirccteil his 
attention to the subject, unaware of what had been 
accomplished by Wollaston. He had returned in 
1801 from tho unfortunate French expedition to 
Egypt, where he was engaged as an officer of en- 
gineers, and hod ruined his health through fatigue 
and the insalubrity of the climate. He was an ac- 
complishcvl mathematician, haring acted as professor 
both at the Polytechnic School and that of Metz, 
and was of course a member of the Institute of Cairo. 

On his return to France, during the intervals of his 
military duties, he occupied himself in the composi- 
tion of an elaborate anal)iical treatise on optics, wliich 
had already oanipied his attention in Egypt. This 
led him to the subject of double refraction, and he 
verified by numerous experiments the accuracy of 
Huygens’ law. La Place wrote a paper on the mathe- 
matical law of the velocity of tho extraordinary ray, 
in which he introduced the idea of a repulsive force 
emanating from the axis of the crystal ; but it may 
be truly affirmed that the notion of a spheroidal un- 
dulation so happily introduced by Huygens is the 
only one which really fits the case; and by tho very 
impossibility of expressing the facts intelligibly with- 
out it, gives an undisputed advantage to that theory. 

A prize having bo<m proposed by the Academy of (^7A.) 
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Sciences for the theory of double refraction, Mains 
wrote a second paper, wliich was crowned, but which, 
however admirable as a specimen of mathematical 
address, added little to what was previously known. 

Malus had already, in the end of 1808, announced 
a property of light which, if not absolutely new, was 
entirely so with referenee to the circumstances in 
which it was produced. The polarization of light 
was in reality discovered by Huygens previous to 
1 680. He had observed that the two rays into which 
common light is divided in passing through Iceland 
spar have a singular diversity of character, which 
Newton afterwards described os an opposite polarity. 
Huygens showed that if two rhomlu of doubly re- 
fracting spar are laid symmetrically one upon the 
other, the “ extraordinary” ray yielded by the first is 
extraordinarily refracted by the second, and the “ordi' 
nary” ray from the first is ordinarily refracted by the 
second. But when we revolve the upper rhomb 
os it lies upon the lower one throngh a right angle, 
a remarkable change appears. The extraordinary 
ray escaping from the first is now ordinarily re- 
fracted by the second, and vict so that the 

qualities of the two rays differ but only so far as this, 
that either may be assimilated to the other by making 
it (or the crystal from which it derives its properties) 
revolve round ninety degrees. A definite notion of 
such a distinction may be formed by imagining a 
musical string vibrating at one time in a vertical, at 
another in a horizontal, plane. If wc could possibly 
imagine light to consist of vibrations of this descrip- 
tion, the two rays of Iceland spar might be conceived 
the one to vibrate in a plane passing through the 
axis of the crystal, the other in a plane perpendicular 
to that Such light might truly be said to have ac- 
quired the property of having ride*. In the language 
of Newton, it is polarized. 

The discovery of Malus consisted in showing that 
light may acquire properties identical with those of 
cither ray yielded by refraction through Iceland spar, 
by the very simple process of simple reflection at a par- 
ticular angle from any transparent body. Thus for a 
surface of water he found this angle to be 52° 45' vnth 
the perpendicular, and for glass 64° 36'. The reflected 
light in either case has exactly the property of the or- 
dinary ray transmitted by a crystal whose principal sec- 
tion (that is, a section passing through the axis of the 
crystal) is parallel to the piano of reflection. Con- 
sequently this light will be actc<l on by a doubly re- 
fracting crystal placed in its way precisely as if it 
had emerged from a similar crystal; and, on the 
other hand, if the two rays emerging from a crystal 
be incident on water or glass as above mentioned, the 
one will be copiously reflected from the surface, whilst 
the other will not be reflected at all, but pass entirely 
into the transparent substance. Farther, ns might 
bo expected, light thus polarized by reflection, when 


it falls on a second similar reflecting eurfaoe at tbe 
same angle as before, will be copiously reflected if the 
planes of reflection coincide, but will refuse to be 
reflected in an appreciable degree when the planes of 
reflection are perpendicnlar. 

This phenomenon wasdetected by Mains by casually (ifil.) 
observing that a ray from the setting sun reflected 
from a distant window, and viewed through a piece°^ 
of Iceland spar, afforded but a single imago in two 
positions of the latter. The experiment attracted uni- 
versal attention, and became the germ of a series of 
optical discoveries almost unprecedented for their 
b^uty and variety; yet most of the experiments may 
bo m^e quite as well when light is polarized by the 
method of Huygens as by that of Malus. Neverthe- 
less the former had remained a sterile feet for 180 
years. Upon such trifling circumstances does the 
progress of knowledge often depend. 

Malus survived his discovery only four years, and ( 482 .) 
saw but the borders of that land of promise which he of tbo 
had pointed out to others, A few results he however®®*^®** 
obtained, which are worthy of notice. Thus he found 
that in every instance where light is polarized in any 
plane there is also produced a certain proportional 
amount of light polarized in the perpendicular plane. 

Arago afterwards proved the very important fact, that 
these two portions are universally efual. Huygens 
had shown in the experiment of the two rhombs, that 
when their positions ore neither symmetrical nor 
perpendicular, each ray emerging from the first is 
duplicated by the second. \\'hen the principal sec- 
tions of the rhombs are inclined 45°, the duplicated 
rays are equally bright ; as they approach parallelism 
or perpendicularity, one pair of the rays brighten and 
the other pair is enfeebled. Malus ascertained the 
law of change of brightness, which is the same for 
rhombs of spar or for plates of glass whose planes 
of reflection vary whilst the angle of reflection re- 
mains constant. In cither case the intensity of the 
light varies as the square of the cosine of the angle 
formed by the principal sections of the crystals or 
the planes of reflection of the plates. This impor- 
tant law, the best established in photometry, has been 
applied by Arago to the measurement of light in 
many instances, but the details were unfortunately 
not made public before his decease. 

To Malus is also due thediscovery of the polariza- (463.) 
tion of light by common refraction. When light is in- 
cident on glass or water, the refracted beam contains*^^**^ **" 
precisely as much polarizcdlightas thcreflccte<l beam, 
but op]K>aiteIy polarized. The metals were at first 
believed by Malus to polarize no appreciable quan- 
tity of light. He afterwards found that at great in- 
cidences the reflected light is partly polarized.' He 
likewise ascertained thcfoct of the** depolarization” (as 
it was termod) of light by many crystals, and also by 
organized sulMtancca, such as hair, horn, and whale- 


^ See an laterccUog letter from Itelus to Or YouDg io TbomeoD'e ^Innati, vol. Hi. 
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bone. He does not appear to hare noticed the phe- 
nomena of colour aocompanjing each depolarization, 
though he arrired at it so neari j that Arago, in all pro- 
bability, anticipated him by presenting a memoir on 
the subject to the Institute just one week previous to 
Malus’s announcement of what ho had obserred 
(19th August 1811). In lets than six months later 
Mains was no more. 

The writings and disooTeries of Malus present eri- 


denoo of groat talent, but of far less fertility of com- Chsnotef 
bination than those of Fresnel, presently to be no- Mdoi. 
ticed. He maintained the Newtonian theory of light. 

His reputation amongst his intimates was extremely 
high, and it was generally believed, that had he sur- 
vived, his discoveries would have extended much far- 
ther. To him was applied Newton's saying on the 
death of Cotes, — ** If Cotes had lived wo should have 
learned something." 


5 3. Fresitel. — ‘The Undulatory Theory of Light continued. — Diffraciion.^-^Trantverte Fibra- 
tione } Young . — Polarixaiion and Double lU/raction explained, — Lighthouse Illumination. 


Auoustix Frbbnsl was bom at Broglie, in France, 
10th May 1788, of a feeble constitution, and he con- 
tinued throughout his too short life a prey to attacks 
of bad health. As a boy, his slow apprehension and 
uncertain memory gave no indication of the maturity 
of his judgment. Ho entered first the Polytechnic 
School, then that of Fonts et Chautsics. His fidelity 
to the Bourbon cause occasioned his being harshly 
treated by Napoleon, and he retired to Normandy in 
the beginning of 1815, to pursue the scientific studies 
which ho had always loved. 

/hyrocnon.— The theory of light in particular at- 
tract^ his attention, and he had a stently belief that 
the Newtonian doctrine was erroneous, though in 
ignorance, as it ap|>car8, of the undulatory doctrines 
of Hooke, Huygens, and Young. The phenomena 
of diffraction, or the coloured fringes which are seen 
in the interior of the shadows of opake bodies when 
illuminated by a minute source of light, attracted 
his attention os most proper for deciding the deli- 
cate question of the molecular or undulatory cha- 
racter of light. The results of his experiments were 
detailed in a memoir confided in the first place to 
his friend Arago, and by him communicated to the 
Institute of France (October 1616). This remark- 
able paper contained much which Dr Young had al- 
ready discovered, and the explanations of the experi- 
ments which it described, both new and old, by the 
theory of undulations, were common to both. Dr 
Young having anticipated the publication by at least 
a dozen years, there could bo no question of pri- 
ority ; bat it is equally certain that Fresnel was un- 
aware of what Toung bad done until it was pointed 
out to him by Arago. His memoir, wh^h was pub- 
lishod in great port in the Aw¥tUs <U Chimie for 
1816, contains much which is interesting. The mode 
of observii^ the diffraction bands directly by means 
of a lens, without the intervention of a screen, was 
equally new and important. The observation that 
iIm interior fringes of the shadow of a narrow body, 
such as a wire, disappear when the light is intercept^ 
on either side of «ie wire, leading to the conclusion 
that the union of the light from 6otA sides is neces- 


sary for their occurrence, was (as we have seen) 
one of Young^s capital experiments. The explana- 
tion of Newton’s rings, by the interference of the light 
reflected from two adjacent surfaces, though partly 
anticipated by Hooke, was equally important. Nu- 
merous measures of the distances of the exterior 
diffioictiun bauds from the geometrical shadow, as 
formed by homogeneous red light, are then given and 
compared with theory. Here Fresnel was on original 
ground. These accurate numerical comparisons, af- 
terwards pursued to a greater extent, constituted one 
of the most important bases of the new theory. In 
obtaining them he was materially aided by Arago, 
who, though considerably his senior, generously as- ' 
sisted him in every respect, and gave him the full ad- 
vantage of his station os a nicmbor of the Institute, 
and of his ex(>ericnce. 

Fresnel’s first memoir on diffraction justly excited ( 487 .) 
so much notice that the subject was proposed by the 
Academy of Sciences in 1817 for one of their prizes. 

The new essay which Fresnel then wrote was, as pro- upon 
bablj hod been anticipated, the successful one. In 
this memoir he made an important step, by showing 
that the exterior fringes in diflraction shadows do not 
depend (as Young had supposed) upon the Intcrfor- 
cuce of the direct light with that reflected at a great 
obliquity from the e<lge of the diffracting body, but 
from the interference of the diflereot elemental^ un- 
dulations which proceed from the disturbed surface 
forming the front of the grand wave. Decomposing 
the frout of the wave into small portions after the 
manner of Huygens, he computed the disturbance 
produced by tbe integral effect of the whole at a given 
point of the screen where the picture of the shadow 
fell and was submitted to examination, and ho fouud 
that such integral eflects have a periodic character, 
presenting points of maximum and minimum distur- 
Ikonce, or of greatest and least illumination us wc re- 
cede from the goomclrical shadow. These distances 
botog measured in homogeneous red light were found 
to agree with the results of an arduous computation, 
requiring, as will cosily be seen, an intimate acquain- 
tance with the integral calculus and much skill in 
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uAing it. Such Fresnel possessed, though ho always 
refers with great modesty to his limited &dlitj of cm- 
ploying the higher mathematics. 

(488.) Trantverae VibrMton$-^Youn*j and Fretnd . — 
Truitrersc Considerable obscurity hangs over the first publi* 
'^'V*^n*** <^tion of this ini()ortant discovery. A clear and 
IndFi^- >*npartial abstract of the facts will be found in 
ikL tlie second volume of Dr Whewell’s History of tho 
Inductive iSoiVnccs, and some further documentary 
evidence, including interesting letters which passed 
between Young and Fresnel, have more recently 
been published in the Life and Works of the for- 
mer, edited by Dr Peacock. The difficulty of appor- 
tioning the credit between Young and Fresnel partly 
arises from the unfortunate system of imperfect puln 
lication, or non-publication, adopted on professional 
grounds by the former, and partly from the grievous 
delays imposed upon the latter by the opposition with 
which his opinions and erperimeuts were received at 
the French Academy of Sciences. This continued to 
the very close of Fresnel’s career. His greatest work 
was not published in the Memoirs of the Institute 
until six years after date ; another was mislaid for 
almvo twenty years, and even the hardy friendship of 
Arago sometimes almost recoilod before the storm of 
opposition which the novelties of his associate were 
sure to excite in the minds of the dominant mathe- 
matical section. It is quite impossible to say pre- 
'cisely at wbat period Young first imagined that the 
differences of oppositely polarized rays of light might 
l>e cxplainetl by pcr|Mmdicularity in the directions of 
vibration of the ethereal molecules, which he compared 
to the vibrations of a oonl in which the elementary 
movements arc at right angles to the direction of wave- 
propagation. It seems evident that Young was not 
possessed of this idea in 18 14, when he partly explained 
depolarization in a few pages of an article in the 
Quarterly Review. It is equally certain that he an- 
nounco<I it to Arago (with whom he became person- 
ally acquainted in 1816) in January, 1817; and that 
he then speaks of it as an idea which apparently had 
recendy occurred to him, most probably since their 
interview.^ Arago and Fresnel had alre^y, in 1816, 
made experiments demonstrating fAot rays oppositely 
poiaruoi do not pnytuee dark bands by titeir intcr- 
ftrtnesy a memorable discovery, requiring very great 
nicety for its satisfactory proof, which, however, 
was completely attained. It was this observa- 
tion which (naturally) gave Fresnel the first idea 
of transverse vibrations, and it is much more than 
probable that Young worked out a similar solution 
of the great problem, in oonsequcnco of tbc account 
of these experiments which he received from Arago 
in the summer of 1816.^ Be ihU m it may, Young 


and Fresnel unquestionably imagined the theory se« 
parately, but Young first announced it, Fresnel being 
discouraged by the doubts of Arago, and by his 
awo of the Institute. As clearly, the experiment of 
non-interference was the first which gave a colour to 
so bold an assumption, and In the details of its ap- 
plication to double refraction Fresnel had the undi« 
vided merit, ^Vhat is not least worthy of notice in 
the affair, is that neither of the amiable rivals (Young 
and Fresnel) ever published a word in disparagement 
of the otlicr, nor a single unfriendly reclamation of 
priority. 

The doctrine of transverse vibrations being allowed, (489.) 
its applications and severest tests were twofold, ^ 

To the phenomena of ordinary reflection and refrac- Ugbt.^ 
lion including (he polarization produced by these ope- 
rations; and 2dIy,to doable refraction and the univer- 
sally concomitant polarization. In these hold specu- 
lations and laborious inductions, Fresnel was nearly 
alone. Young did not appear as a competitor; even 
his friend Arago, though sympathizing with and 
proud of his success, was not associated with him. 

Laws of Reffictioti and With ro- 

gard to the reflection aud refraction of light, its in- 
tensity has to be defined, and also its condition os to nfrae- 
polarization. The fundamental laws of the eftVeerion tlue— 
of the rays are not afibetod by this theory. Rigorous *^*^®*1- 
mathematicians who then doubted the possibility 
of transverse vibrations having more than a transi- 
tory existence, if they existed at all, could not be ex- 
pected to supply the theory of their reflection and re- 
fraction at tbc bounding surfaces of different media. 

Fnnnel, however, guided by probable mechanical 
analogies, with an intuitive insight worthy of Newton 
himself, gave a formula fur the intensity of reflected 
transverse vibrations, both when the plane of vibration 
of the tnoloculcB is in the plane of reflection, and when 
it is perpendicular to it; and he conccivod common 
light to act as if equally composed of both sets of 
vibrations. His formube embrace the nou.rcflection 
of polarized light at the critical angle, under the 
circumstances explained in the last section. It is a 
moat remarkable fact that these inferences by Fresnel 
os to the numerical relations of the intensity of the re- 
flected to the incident light through all angles of inci- 
dence, anticipated almost every trustworthy photo- 
mctrical measure; and from their singular though 
indirect accordance with many phenomena, they have 
been gcneralily accepted as an expression of a natural 
law of great complexity, even by those who were not 
favourable to the thourctical viows on which they aro 
based. 

The modifications of the state of polarization of ^ 
light which takes place by reflection, was e<|ually 


* *' 1 hsT« aliio b«cn reflecting on tbe pouibilitj* of giving an imperfect espliuistion of th» nffection of light which Sooslitntw 
poUriintloB, without departing fmm the genuine doctrin* of ondalstion.” lie thea refen to *' n trsnevene vibrstlon propsguted 
in the dirertion of tbe rndiiu, the motion of the perticln boing in e oertnln coniteot directloo with reepecl to thst rsdiui; sad 
thie,” he eddi, *' ii e poiari«euiefi.”— ToUDg’i MisetU. Works, vol. 1., p. 383. 

■ Pi-aoock’i Li/t ej Yowrj, p. 390. 
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embraced in FreaneVa theory, and equally (though 
unknowingly) coufirmed by Sir J). Brewster’s lal>o- 
rimis obscn'atlons. But ou one point Fresnel him- 
self obtainM a signal triumpli. Having deduced ex- 
presaiuDs for the intensity of refracted light, on push- 
ing them to the limit where refraeiion out of a denser 
into u rarer medium Itecomes impracticable because 
the light undergoes total internal reflection, the for- 
mula] became atfected by the uiultiplior ^ and 
were unsusceptible of arithmetical evaluation. In 
endeavouring to attach a mcauing to these expres- 
sions, it occurreti to him that ns the intetinty of the 
totally reflecte<l ray umlergocs no change with tho 
nnglo of inciden<x), the expression in question might 
iu some way determtue the alteration of tho phaae of 
the wave (the position and direction of motion of tho 
molecules under consideration) which took place at the 
instant of nllection. Now, admitting this as likely, 
it appeared that the phase would vary not only with 
the angle of internal reflection, but with the plane of 
polarization of tho ray. It had provionsly been 
shown hy Arago and by himself, (hat when two oppo- 
fitflif ]x>jarized rays meet or interfere, though there 
is then no destruction of the light, there is usually 
a remarkable change in its cliaracter. There is 
one |K)sition of tho interfering wave relative to the 
primary one in which the combination produces light 
polamcd in a plane exactly intermediate between the 
planes of previous polarization. If either ray be now 
accelerated by ha^ a wave-length on the other, the 
new plane of pol^zation becomes perpendicular to 
the former ; but if the shift of either of the primary 
rays amounts to only one quarter of a wave-length, 
the motion of the molecules takes place in a circle, 
and the undulation has a helical form. Now, Fresnel 
tested his hypothesis concerning totally reflected light 
by calculating the circumstances of incidence which 
should produce on effect equivalent to this ; and the 
result completely verified his bold conjecture. The 
apparatus employed is railed Fretncta Jihomb, which 
transforms plane-polarized light into light equally 
reflexible in all azimuths, yet not common light, be- 
cause it possesses properties which common light docs 
not (sneh as displaying tho rings in crystaU) ; this 
is teraed circularly polarized light. 

Theory of Double Refraeiion . — Tho difficulty of 
accounting for doable refraction did not consist 
in showing bow a spheroidal wave might be pro- 
pagated. Young had already shown, in 1809, that 
it would result from supposing a lamellar arrange- 
ment of the crystalline molecules so that the ether 
wiis diffi'rently elastic in a direction parallel to the 
axis than in a plane or planes perpendicular to 
that liue.^ Huygens had shown something similar 
in accounting for terrestrial atmospheric refraction. 
The difiiculty was, to account for two waves travel- 


ling at the same time through tho some pnriiou of 
mutter with unequal velocities. The moment that 
the idea of molecular movement transverse to the line 
of propagation was admittexl, it was easy to see that 
no coutnulictiun was involved in tho idea. Two 
waves might simuItan<Muii!y travel in the same direc- 
tion, and through the same medium, provided the 
molecular displacements were in different planes. Bo 
happy a solution could hanlly fail toslrtkesuch minds 
ns tiiose of Young and Fresnel with the impress of 
conviciiun. A closer analysis confirmed the proba- 
bility. Iceland spar (or rather the ether imprisomd 
within it) is conceived of as a medium of uniform elas- 
ticity in all planes peq>endicular to the axis, but of a 
different and greater elasticityin any directiou parallel 
to the axis. It is shown to result from this, that in 
the direction of the axis alone is the motion of light 
independent of the plane of tho vibrations of wldch it 
is composed, and consequently no separation of rays 
occurs. When a ray moves parallel to what may by 
an analogy be called the cquatoreal plane of tho 
crystal, its undulation will, gcucrolly speaking, be 
resolved into two whose vibrations are parallel and 
perpendicular to that plane, and which travel with 
different velocities though in the same direction. If 
the ray take any other direction through the crystal, 
l>oth the direction and velocity of the divided ray.s 
differ. The form of tho extraor^nary wave is exactly 
the spheroid of Huygens. 

But what are wc to conclude concerning those crys- (499.) 
taU (of tho discovery of which we shall speak in § 
pi’esenting two axes of double refraction I Fresnel 
once assumed that tho elasticities must in (hat rascax<;», 
vary in three rectangular directions, and ho procreclod 
to calculate the manner of propagation of a wave 
through a mc<lium thus constituted. I had proposed 
to attempt some explanation of the steps of his most 
ingenious and profound argument, but 1 find it incom- 
patible with the space at my disposal, and at any 
rate hardly to be apprchend<yl without tho uw of 
symbols or figuros. Fur these reasons 1 shall merely 
state the rc.sulu. When tho medium presents un- 
equal elasticities in throe rectangular directious, the 
surface of the wave consists of two sheets each tra- 
velling with its i>eculiar %'elocity. But neither of 
these being spherical, the result cannot be expressed 
by the ordinary law of refraction. In fu'o directions 
within tho crystal, the wave surfaces coincide, or the 
two rays coalesce. These directions are evidently 
the ojitic axes, and the wave surface in their neigh- 
bourhood has very iiitcrcBting geometrical and 
physical jiropcrtict which have been elucidated 
by British philosophers, as will he noticed in 
another section. The true optical axes cannot 
exceed two, and when two of the three elasudues 
become equal, they merge into one. This is the 


* ^nung'S rvtBoninf (Qn^rurly JUvinr ld09, sod Work$, vol. i. p. 2^) ia bftMd oo sa vzpcrimsnt by Cblsdnl on the diflering 
v^lndty wiih which sound U |im]Mgn'.«d in wood, dejieoding on the dlreetloo of the flbrta 
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cJLHc in Iceland spar and similar crystals. At 
the same time the wave snrface degenerates into 
the united sphere and spheroid. The equation to 
the wave surface was deduced by Fresnel in an in- 
direct and somewhat tentative manner. It was 
demonstrated by Ampere directly, hut inclepantly. 
M. Cauchy, Mr Archibald Smith, and Professors 
Sir W, R. Hamilton and Maccullagh gave more 
complete and elegant solutions. 

Fresnel submitted his theory (as usual) to experi- 
ment. He found that in topaz, which is a biaxial 
crystal, neither ray follows the law of common re- 
fraction. The plane of polarization (which is always 
perpendicular in the two rays) follows very nearly 
indeed, by theory, the law which M. Biot had as- 
signed by experiment. Fresnel thus stateii the 
ground of his conviction of the truth of his theory, 
and it would be dillicult to express more appropri- 
ately the characteristics of a just hypothesis 
** The theory which wc have adopted, and the simple 
construction which we have deduced fri>m it, present 
this remarkable character, that all the unknown 
quantities are at once determined by the solution of 
the problem ;->the velocity of the ordinary and ex- 
traonlinary rays, and their respective planes of (polar- 
ization. Phy*sicisls who have stndieu with attention 
the laws of nature, will admit that this simplicity 
and these intimate relations between different parts 
of the same phenomenon present a great probability in 
favour of the theory by which they are established.” 

The memoir on double refraction was received 
with much incredulity and partial ap|)lause. It was 
not to he siipposeii that a theory in op|>osition to 
that imagined by Newton, and received with almost 
general assent for more than a century' and a half, 
would not meet with many op(>onenta ; hut in the 
cose of double refraction and polarization it w as also 
essentially coupled with the idea of transverse vibra- 
tions, whose exact mechanism was admittc<l on all 
hands to l>e extremely obscure. Laplace, now more 
than seventy years of age, opposed the new opinion 
to the last. His reason for doing so wns eminently 
characteristic of the great geometer — “it was one to 
which analysis could not be applied without much 
didiculty to which Fresnel replied, that it was 
still harder to believe that the laws of nature were 
airesttd by such obstacles.” Poisson, as might Kave 
been expected, was equally opposed to the undiila- 
tory doctrine, for he was still less of a physicist than 
Laplace. His standing argument against it was its 
inability to explain dii^persion. M. Biot, also a keen 
supporter of Laplace, was still more strongly com- 
pi*omised to the theory of emission. The inertia of 
such authorities at the Institute retarded of course 
the gT»Jwth of Fresnel’s reputation at home, notwith- 
standing the great weight of his friend Arago’s opi- 
nion. It was in fact in England that the merits of 


Fresnel were first most generally and liberally oc-^ 
knowledged; as, singularly enough, Young had re- 
ceived almost the first expression of sym(>aihy in his 
optical discoveries from France. In 1825 Fresnel 
receivod the distinguished honour of being elected 
a foreign member of the Royal Society of London, only 
two ycaiw subsequent to his election into the Insti- 
tute, and whilst hi.s greatest paper was as yet known 
only by an abstract. In 1827 he receivod the Rum- 
ford medal from the same body. This rocognitiou of 
his merits was duo, as we learn on the authority of 
Dr Young (who was then Foreign Secretary of the 
Royal Society) to the iuflucnccof Sir John Herschel, 
nt that time and afterwards a zealous supporter of 
the undulatory theory of light, and by whom it be- 
came first generally known in England through the 
medium of his admirable Kutay on JU^ht. Dr 
Young, though present, was silent; “from being,” 
os ho himself tells us, “ too much interested in the 
subject ” on account of his (M^rsunal share in the 
matter. In announcing this distinction oHicially to 
Fresnel (then in the lost stage of consumption), 

Young characteristically observed, “I loo should 
claim some right to participate in the compliment 
wliich is tacitly (>aid to myself in common with you 
by this adjudication ; but considering tliat more 
than a quarter of a century is post since my prin- 
ci()al experiments were made, 1 can only feel it a 
sort of antici(>ation of posthumous fame which 1 have 
never particularly coveted.”* 

I have stated in the opening of the section that (496.) 
Fresnel, who was attached to the Bourbon cause, hadH^™""** 
retired to Normandy near the close of Napoleon’s 
career. On the re-establishment of the monarchy injiiumkoa- 
1816 he was recalled from his retreat and appiointod 
to an oflicc in the departments connected with his pro- 
fession as an engineer ; but in 1817 he was brought 
to Paris with the express view of giving him more 
facility in his researches. In 1818 he was placed 
on the Commission for the Management of the 
Lighthouses of France (of which he afterwards be- 
came Secretary), and he entenxl with ardour on the 
application of his favourite science cf o|>tics to the 
duties of his profession and thu benefit of man- 
kind. 

The use of lenses in place of reflectors for prevent- ) 
ing the indefinite dispersion of the light employed, 
and the effectual concenU'ation of it in the direction 
where it will l»e most useful, was not altogether new. 

The construction of immense lenses of glass of no 
great thickness, formed by grinding out a series of 
concentric refracting surfaces having a common focus, 
had also l»een proposed by Rulfon, and the idea of 
constructing these rings or ichiions separately and 
then uniting them had been suggested by Coudoroet 
iu his 4lope of Butfon, as well as at a later (leriod 
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by Sir D. Brewster. These proposals were all alike 
uuknowu to Fresnel, who liad the grand merit, in a 
case of this kind, first, of carryinst his happy idea 
into effectual execution, and secondly, of (pvin^ it a 
wonderful extension by the invention of a multitude 
of other forms of refracting and totally reflecting 
apparatus, till then uniniagined as well as unexe* 
cutcd.> in 1823 the lighthouse of Corduan, at the 
mouth of the Garonne, was furitiahod with the new 
lenticular system, which was very skilfully cxccutcsl 
by Soleil of Paris. The illumination wjw provided 
by mnons of a >K*auUful and powerful lamp with se- 
veral concentric wicks, the joint invention of Frc‘sncd 
and Arj^ro, which gave twenty-five times tlve light 
of tlu* best Argand then in use. The system was 
found to work so well that it was speedily extended 
in France, then to Holland, and in the third place to 
Scotland, principally through the energy of the late 
Robert Stevenson and the present Mr Alan Steven- 
son, his son, to the latter of whom we owe the best 
and most coui(>cn(liou8 treatise on the subject of 
lighthonses,* as w’cll as the noblest exempUlication 
of it in the Skerryvore Pighthousc, criKJtcd by him 
in 1843. The same small work contains the details 
of Fresnel's o<imirably ingenious applications of the 
principle of refraction to the distribution of light 
under almost every circumstance, which were not, 
however, published by tlieir inventor. 

<IA8.} In 1824, consequent upon his exertions as exa- 
ili^ d^h miner at the Polytechnic School, Fresnel had the 
' first sekure of the malaily which brought him to the 
grave at the premature age of 39, on the l4tb July 
1827. Eight days previously to his death he had 
received at the hands of Arago the Kumfurd medal 
before referred to, which his distinguished friend 


Maius had obtained under like melancholy circum- 
stances 16 years before. 

From what has been stated it will appear that 
Fresnel eminently posscsswl the qualitu>s 
for original investigation. So finely balanced a com- 
bination of mathematical skill and attainment with 
profound inductive sagacity lias rarely been wii- 
nessei]. Hod Young not huppeued to precede him 
there can bo no question but that ho would have mode 
the unUulatory theory entirely hia own. Fresnel was 
superior to Young in the talent for devising and 
executing critical experiments, in which indeed be 
showed a degree of skill equally rare and adniirable. 
It is hoped that his surviving brother, M.Leonor Fres- 
nel, who is well qualified for the task, will collect his 
8catlere<l papers and edit them, with a suitable bio> 
graphy. The 4loye of Fresnel, written bythcmaii most 
competent to reuder him justice— Arago — rcmaineil 
more than twenty years among the unedited papers 
of that philosopher, and has only appeared since his 
death in 1853. Thu cause of this suppression was 
one of those |>artly political and partly personal dis- 
putes which seem almost inseparable from the pr<»- 
ceedings of the Institute. The 4l<Hje was announced 
to be read just two days before the Revolution of 
1830 burst forth ; Arago could not persuade him- 
self at such a moment to discuss the merits of the 
Theory <»f Double Refraction without committing 
himself also on the politics of the day. Disputes arose, 
friendships cooled, and the imiucky work was re- 
turned to the authoFs desk. Honce no Hography of 
Fresnul appears in the publications of the Institute, 
but his reputation will be treasured in France and 
e]sew hi'rc,w*hen the more conspicuous laurels of many 
of his compcei^ are withered and half-ro’’goUen. 


§ 4. Auaoo.” — S/ iorf vlccounl of hi» Scienti/e Career — He dieeovers the Colourt of Polarised 
Light — Laws aii<i Theory of Depolarization; M. Biot; Young; Fresnel . — Noninterference 
of oppofitely Polarized Hays — Potatory Action of Quartz. — M. Foucault’s Experiment on 
the Velocity of Light. 


(500.) DomimqceFba3?90I8Jbak Arago, one of the most 
generally known of the philosophers of the half cen- 
tury just elapsed, though the outhor of a large num- 
ber of miscellaneous writings which since his death 
have been edited in a collected form, has not left an 
amount of positive contribution to any one of the 
sciences at all in proportion to the reputation for 
ability which he very justly enjoyed. 
fSOl.) He jui Estagtd near Ferpignan, on the 

Uf«^ ^ 2Cth February 178fl, and the ardent tL-mperament of 
a native of the south was one of his rhief' character- 


istics. From a fragment of his early history' which 
he left behind him. it .'ippears that he educated him- 
self almost without assistance, and that when ho 
was admitted to the Polytechnic School in 1803 (con- 
sequently at the ngu of 17)« he was iniimauly 
aniuuintod with the chief writings of Lagrange, 
had studied the M4>'tinigue CiUMe^ aud had conse- 
quently in his possession far more mathematical 
kjiowledgc than would have been required of him on 
leaving that celebrated institution. From the Poly- 
technic School be passed into the position of Secre- 


^ Oae of Frevne]'! IvnaM wm umsI in lS2t fur the frcodelic opeimUont coosoetiDg Frmnc* and £nglsm], sad tht light wm oh- 
MVVfd St s dintsnve of fifu-en msrin* l«sgum nn« hour sAer suaset. 

* Ruiitmtnwr^ Trunin on by Also i^t«Ten»oB. Wrsis, 18&0. See sIm the dcconni o/ lAc ^erryvor* LigkiKoimt 

with naniFroas in 4lo, 1848. 

* J nay perbs{>« be thought to give Arajro too prominent s piste In the history of Optics, tf so. It hss srlsen in psrt from 
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tAry to the Paris Observatory. Ho pnrsnod with M. 
Biot experiments on the rdVaction of the pisea, and 
in 1806 the two young philosophers were despatched 
to the south of ^ancc and to Spain to continue the 
triangulalion intorruptod by the death of M<k'hain.^ 
The next three years were spent by Aragoin a scries 
of voluntary and involuntary joumcyit perils by land 
and sea, from robbers, and from the Spanish govern- 
ment and |)opulacc,8uch as have been rarely equalled, 
~|)orhBpS never in the pursuit of science. The decla- 
ration of war against France rendered his stay either 
in Valentin or in the Balearic Isles impossible, and 
he was conveyetl in disguise from Majorca to Algiers, 
whence he twice essayed to reach Marseilles, hut 
was once driven back to Africa by a storm, once 
made prisoner by a Spanish corsair. After great 
sufToring, he at length reachctl France in July 1809, 
carrying with him the precious roconl of his goodeti- 
cal operations. From this time his promotion was 
osBureti, and his life became tranquil and inactive, al- 
though the deep attachment which he formed with 
Baron Ilumholdt inunediatclyon his return to France 
would probably have induced him to accompany that 
enterprising traveller to Ontral Asia, ha<i that jour- 
ney ever been accomplished. At the early age of 23 
Arngo attained the position of Member of the Insti- 
tute, and was again attached to the Paris Observa- 
tory, of which at a later period he became director. 
He took a very active share in the proceedings of the 
Academy of Sciences, and became one of its secre- 
taries in 1830. 

From the period of bis election to the Institute, 
Arago’s career was destitute of stirring incidents, but 
was, 6rst to last, devoted chiefly to science. It is 
certain, however, that he was deficient in that power 
of continuous application, to which alone great dis- 
coveries arc commonly duo. Full of ingenious, origi- 
nal, and even profound conceptions, he shunned the 
labour of realizing them. His appointment to the 
charge of the Observatory of Paris was perhaps unfor- 
tunate. Well versed in the theory of astronomy, the 
minute drudgery of observation and the control of 
numerous assistants, was altogether uncongenial to 
him. It was a duty inqiorfcctly fuldlled, to say the 
least, fur 40 years: and it is needless to add how much 
the consciousness of habitual neglect of a duty deadens 
the faculty of useful application to anything else. 

If the science of astronomy then owes little to 
Arago, beyond the part which he took in gcodclical 


observation, what are wc to consider his chief claims lILi optimt 
to a place in this history ! I have no hesitation 
saying that they are to be found in conucetion with 
the discoveries and labours of his attached friends, 

Malus and Fresnel, and therefore we group them to- 
gether in this chapter. Arago not only himself made 
some important optical discoveries in 1611 and the 
following years, hut ho was instrumental, as wo have 
seen, in a very important degree, in calling forth the 
genius of Fresnel, and in obtaining a public recogni- 
tion of the Ia1x)urs of Young ; a service not the less 
worthy of note because of its cmiocntly disinterested 
character. The undulatory theory of light, one of 
the greatest triumphs, if not the greatest, of our age, 
stands whore it docs in no slight degree through 
the instrumentality of Arago. 

Ono of his most considerable discoveries was that (5(4.'r 
of the colours which crystallizeti bodies develop in 
white light polarized before incidence on the crystal, 
and afterwards transmitted through a rhomb of calc- i>ol*rii<si 
spar. These colours, by their order, the singular man- Hgtu. 
ner of their occurrence and disappearance, and in cer- 
tain cases by ihcir extrannlinary and beautiful form.s, 
offered a problem at once the most attractive, the 
most dcflnitely marked, and the most seemingly in- 
explicable which ho>i boon met with in optics for much 
more than a century. They e.xcmpUfied a new mode 
of analyzing light, evidently connected with the mole- 
cular forces concemetl in crystallization; and for their 
display it was necessary that light should he in that 
peculiar and yet mysterious state called polarit»i. 

The substances ho employed were principally sele- (505.) 
ntte, riKk-crystal, nn'l mica. When plates of 
first and last of these minerals, formed by their natu- 
ral cleavage, arc placed in a beam of polarized light, 
and the light traivsmitted by them is then analyzc-i^ 
by being passed through a doubly-refracting prism or 
thrown on a screen after reflection at the critical angle 
from gloss, splendid colours are the result. These 
colours vary with the thickness of the plate, with its in- 
clination to thcincident light, and, whatis most remark- 
able, they vary in intensity by merely turning the plate 
of selenite round in its own plane. When only this last 
motion is mode, there are two positions of the plate 
where no colour results, the light passing through un- 
changed; and these positions are at right angles tonne 
another. At nllintermediate angles coloursnppear, the 
light is said to be and this depolarization 

is most complete when the plate is moved 46** from 


* the difliealliri laai'ii«r*b1« from the bi^igrsjibical eyflera which I h«ve ado|ited. Mv iDtcntinn wu to have thrown toftrtiwr Iho 
Uboon of Msltu, r'reaaci, and Ar*go Into one M«tion. But bsvtng wrilWo thn difrer<*nt |iortion« •cpnr»t«-ly, tlieiw ao 

much prccliioD and facility of explanattun to be derived frum treating nf ibem cocisecutivciy, that I sacHfirFd, in «ain« dagr***, 
the htograpbical principle to that of aytU'cnatic eUMifieaiian ; placing under the nanto of what refarrrd to tbe eenpiriod 

law* of double refraction: under that of t'rtHut the doctrine of tranfveree vibration (though mainly due to Young); and under 
Aragv the dtKoverira of S'oung, Fre«n«l. Biot, and otbrra, relativa to the great subject of cbrooiatic polarisation, to which ha 
giii a the fir»t impulse. Tha eatabUehment of the undulatory theory, principally due to Young. Kreinel. and Arago, 1 have «im- 
aidervd as daaerving of a more detailed and systematic treatment than aliiHwt any other of the numerous discoveries of which I 
have to sjK^k in tbii IMiwsrtatioo. I may add, that the bi<Hnwphy of Arago not appearing in its alpbabeUeai place is the Aa- 
cyrhiftrdic*, .\t. Arago being still alive at the date of ilie publioathm of that part of the work, it bos been incumlient u(Hm me to 
enter into morfi dttalU than { should otherwUo have dune. ^ Bee Chapter IK.. Art. (150) of thla Disaortation. 
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the positions in which the light pused through un- 
cluingvd. 

The theory of this simple yet Admirable experi- 
ment is one of the happiest examples of Fresnel's 
mechanical explanation of double refraction. But 
it was not attaine<I by a sinirlc step, nor effected 
by a single hand. Mains had observed the fact of 
depolorixalion, and the existence of perpendicular 
neutral axes in the crystalline plate. Arago added 
to this the knowledge of the phenomena of colour, 
which Sir David Brewster also observed indepen- 
dently somewhat later, lie also invented a par- 
ticular theory to explain them by what he termed 
movmble poIarisatioM. But it was not a success- 
ful effort. M. Biot assiduously studied the empi- 
rical laws of these perio^lic colours, and trace<l 
their dependence on the thickness of the interposed 
plate, according to a law similar to that of Newton’s 
rings. Young made an important step further. He 
attributed the colour to the inlei/crencs of the ordi- 
nary and extraordinary rays into which the incident 
light was dividcil on entering the crystalline plate ; 
and he showed by accurate oilculation that the retar- 
dation of the slower-moving of the two rays during 
their passage through tlie plate, dkl in fact produce 
the diflereuce of phase neoes.sary for ileveloping the 
tints observed by (heir reunion on leaving the plate, 
according to the usual laws of interference; and he 
showed that this theory coincided with M. Biot’s 
rales. ^ But even this wus not enough to explain the 
facts. It was not clear why the colours duo to doubly- 
refracting plates should not be seen without reaching 
the eye through an analyzer, or calc spar prism. To 
Arago and Fresnel jointly we owe the important 
reply to this difficulty, which In fact forced upon the 
latter the idea of transversal vibrations. Their joint 
experiments (mentioned in the last section, art. 488), 
had shown that oppositely polarized rays cannot in- 
terfere unh*#s they have, first, a common origin and a 
common plane of polarization; and, secondly, unless 
they l>u reduced to a common plane of polarization 
(that is, analyzed) before falling on the eye or the 
screen : so that the theory of the colours of crystal- 
lized plates briefly, as follows 

Polarized light is represented by transverse vibra- 
tions of ctber, the panicles moving all in one plane. 
The crystallized plate has, wo will suppose (in onlcr 
to take the simplest case) one axis of double refrac- 
tion, and the direction of that axis is in the plane of 
the lamina, ^^'hen the vibrations of the light falling 
on the crystallized plate are either wholly parallel or 
wholly perpendicular to this axis, the light is trans- 
niitted without alicration, either as an extraordinary 
or as an ordinary ray, am) it is then relV'ctcd or not 
by the analy^^r, xxs would have iH.’cn the cure hud it 
not been transmitted at all through ilie ciyslal of 


selenite. But if the axis of the ciy’stal Im* inclined, 
supposo 45®, to the plane of vibration of the incident 
polarized ray. tin? vibration is mechanically resolve<l 
into two, which are oppositely polnrizwl. After tra- 
versing the thickness of the crystalllzwl plate with 
the different velocities due to the motion of the ordi- 
nary and extraordinary rays, they are rciinitoil at 
emergence, hut in alurei relative so that hy 

their union they form a Iwam no longer polarizetl 
(unless by an exception) in the same plane as at first, 
nor indeed plane-polarized at all, but moat likely per- 
forming elliptical or circular vibrations, which, again, 
falling on the analyzer, arc reflected or transmitted, 
or partly both, in a manner quite dilferent from what 
would have happencvl to the light unchauge^J by crys- 
talline transmission. 

White light liecomes coloured because the state 
polarization of the emergent ray depends on the differ- eoU»ur. 
enco of length of path for the two rays which under- 
went crystalline separation within the plate, and also 
on the length of a wave of light (for this dctcnnincs the 
phase of polarization at emergence). But the wave 
of light varies in length fur each colour, consequently 
every colonr has its maximnm under diffprent circum- 
stances, and if the incident light be white, the light 
falling after reflection on a screen will present mixed 
tints similar to those of Newton's rings. 

This extraordinary property of a crystallized pinto (509.) 
(which, in common light, appears equally transparent SimiUr 
and homogeneous in every direction), of moflifying 
light, or dyeing it with the most gorgeous colours, T»di*nt 
when the plate is merely turned in its own plane, is b«»t. 
one of the nicest tests of the polarization of the light, 
and 1ms been uscil to detect the analogous polariza- 
tion of radiant heat, and the concomitant phenome- 
non of double refraction, which, G.xcept in the case 
of the heat accompanying the solar rays, has not 
yet been independently recognized.’ 

Arago applied liis discovery to the construe- (5lo.) 
lion of a poiamcopc, for csliinaling the feeblest ‘J*®* 
amount of polarization ; and he used this instru- 
ment for some very interesting experiments on the 
noUruation of the light of the sky (which is sun- 
light polarized hy rdiection from the atmospliere), 
and on that of different incandescent and reflecting 
surfaces. He also found that tlie moon and the 
tails of comets send light to the eye which is slightly 
polarized, thus betraying its horrowc<l origin. But 
that of the sun, licing absolutely neutral, is only 
comparable faccording to Arago) to the light arising 
from incandescent vapours, thus distinguishing the ** 
sun from a solid or liquid glolio. 

^Ve cannot do more tlmn allude to Argo’s other (511.) 
optical |ui{H.*rs and cxjicrimcnts. Ho was, prolmbly, 
thc only Frenchman of his time who was well ac- yowton ■ 
quainted with Young's discoveries. The o-vploua- ring* sna 


' (}uart»^lv fUri^w, 'ol. *1. ; HifttU. U'-jrkM, *«1. i., |». 264. 

* 8«c HeMiSrebe* oo ilest by Llw |irt-««iil wntvr. auiuburyk TeantaeiMut, voli. xiii. snd xiv. 
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on th* ro* tion Uy the doctrine of interference of the colour* 
utory ac- of Newton's fines received an important confir- 
ination from an evt»erlment of Araeo's, which nrovoil 

qunrtx. , . ^ i * -t 

them to an^c frtim the mixture of the pencils 
of light rdloctc^l at the two net"hlK)iiring sur- 
fares. He presses] a lens of g1a.ss against a plate of 
mcial, in which case the central spot is white or 
black when light polarized pcrpeiidkiilarly to the 
plane of incidence is wHected at an angle greater or 
lesH titan the polarizing angle forglass ; and the rings 
vanish altogether at the polarizing angio ; — results 
whicli have been fmiml conformable to the undulatory 
theory.* He also discovered the peculiarity of the 
ruys transmitted along the axis of a crystal of r^iiartz. 
These de|>o]arize light, or produce coloun simitar to 
those of crystallized plates, varying acconling to a 
well-marked law with the thickness of the plate. 
The most fingular fact is, that by turning round the 
analyzing plate, no position of nculrality is found, 
hut a scries of colours similar to those of Newton's 
scale succeed one another. Arago showivl that this 
effort is due to a rotatory motion of the plane of polar- 
ization within the crystal. The rotation is greater 
for (he violet than (ho red ray; this was shown by 
3i. Biot, who also discovcretl that in some specimens 
the rotation takes place from right to Icfl, in others 
from left to right— a peculiarity connecteil with cer- 
tain crystallographic modifications, as was first 
shown by Sir John Herschel. 

MM. Seelieck ainl Biot discovered an analogous 
UuUiiutj of property in oil of turprntiup,and in various saccharine 
the plane ffuids, nn observation which, in many rases, allows the 
tIon in * snh.stitntion of an instnntanwm.s optical, for an operosc 

«qiO*. chemical test. Fresnel has shown that the phenomena 
of quartz may l>e n^presentcfl on ihc supposition that 
the rays traversing the axis consist of two rays circu- 
larly polarizcil in opposite directions, and travelling 
with different velocities; and Mr Airy succt>edcd in 
cnlculiting.hythenidof this fundamental hypothesis,® 
a nurnlwr of rarwt lieautiful and complirateti pheno- 
mena, such, for example, as those which occur 
when plates of right and left handed quartz ore 
supcrposeil. Maceullagh hn.s shown how the ge- 
neration of elliptical or circular vibrations may be 
deduced from the general equations of motion, but bo 
has not invented a mecbanical theory to explain 
them. This is n point of the very highest inteit'st, 
inasmuch os Dr Fara^iny has succctdcHi, fur the first 
time, in inducing orfi/fri'd/y in a substance the power 
of rotating the plane of {lolarization by the presen- 
tation of it to the poles of a most powerful magnet.® 
(319.) Arago's experiments on the non-intcrfen'iiee of 
U^taoln- rays of light oppositely polarized, l»cing undertaken 
tinnorn;»htij| conjunction with Fresnel, have been already re- 


ferre<l to, arts. 488 and 606 ; but to An^o alone is la d«ni« 
due the ingenious idea of interposing a thin slip of"^** 
mica or blown glass in the path of one of the inter- 
fering pencils, and observing the displacement of the 
interference-bands, which is always towa/rlf the side 
of th« interposed slip, showing that the movement 
of the wave has l>ecn slower within the denser me- 
dium. 

Arago continued to attach great importance to the ( 5 u.) 
obtaining of a still more diri'ct proof of tliis fact, which Cx;>4*ri- 
he considered as a one between (lie rival hypo- ** 

theses of Newton and Huygens. In his last years he 
had the satisfaction of witnessing the aeoomplishmentcsult. 
of it, with the result he nnticijuited, and by a method 
which ho had himself indicate^l. In 1838, he had nl- 
rea<ly indicated the application of Mr Wlicatstoue's 
heautifnl invention of therevolvingraiiror.^asaincaiia 
of measuring intervals of time incretlibly short, in order 
to compare the velocity of light in air, and in a corre- 
spondinglength ofwater. He oven caused an apparatus 
to l)c partly prcpareil, but we h-ave seen that Arago's 
/orfe was rather in suggesting than in completing ro- 
starches. After his increasing failure of sight ren- 
dered it physically impossible that ho should ever 
realize his own idea, it was skilfully adopted by M. 
Foucanlt (the author of the admirable experiment 
with the pendulum, demonstrating the cnrtli's mo- 
tion*), who, by an ingenious combination of fixed and 
revolving mirrors, succeeded in 1 850 in demonstrating 
the retanlation of light iu a tube of water only 
fi*et long, and with a velocity of rotation of the move- 
able mirror not exceeding 200 turns in a second (a ra- 
pidity four times le-ss than had a)rea<iy been obtained 
by Mr ^^^^cat8tone). The rotation was produced 
by means of the Sir^no of M. Caguiartl de la Tour, 
acting by steam. The velocity was thus raised to 
1000 revolutions. It was aftorwanls, however, carrieti 
by MM. Fizcau and Brcguct to 2000 revolutions. It 
wilt be umlerstood, from the account of the method, 
as app1ie<l to the measurement of the velocity of elec- 
tricity, in another chapter, that the retaidatbrn is 
shown by the displacement of the image of a minute 
object seen through the water, relatively to the iraag«* 
of the same object scon in air. If light inove.H faster 
in water (as Newton imagined^ the dis]>laccment of 
the water-image will l>e (let us say) to the right; but 
if slower (as Huygens and Young believed), it will 
Ik.* to the left. The calculates! displacement, with 
800 TCvolutions in a second, was '004 inch on the 
first su|q>osttion, nn<l *003 in the opposite direction 
in the second, quantities easily visible with a high 
magiiif^ng power. The result, as has lieen state*!, 
conlimii'd Arago's original experiment of 1815 on 
the displacement of the interference fringes. 


* air W. II«T»ch4>l first foroasd Xrwtoi>'» rinz* tirtwren rIsm and tnirUL Ar«gu'« rx|irricnent was rvprodacvd (euknowtagly) 
by Mr Airy io IHai. wbo first espUinrd it fally in th« undulatory «raM. CanS. rruat.. vol. in. 

* \V itb this addilioa, that raya lacUtit^ to tfar axis are e/Jrptf<a/fy pidarited, aod cAa< with a greater etlipticity ax tba ineltoa- 
tion MicreaM*. 

* H99 the chapter on Eleclriclty, f 5. * See PJartricUy, § 6. • tba chapter on Aatronomy, Art. (258). 
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To complete our biograpltical uoticc, wo will hero 
just allmle to M. Arago's pnnci{>«l rosearclu'S un- 
connected with optica. One was on the magneti- 
zation of iron filings, and the formation of a tempo- 
rary magnet, by means of a hcHcal conductor of elec- 
tricity;* the other was the important observation of 
the reemta^ magnetism of copper, and other nou-niag- 
Qciic metaU, when put in rapid rotation near a per- 
manent magnet. Keither of these happy experiments 
was carricil out by their author. The former was left 
in the hands of Ampere, Sturgeon, and Henry; the 
latter was only rightly understiKxl and value<l when it 
was engrafted by Mr Fara<lay on his splendid scries 
of researches on Magneto- Electric Induction.’* 

Arago is fairly cntitletl to lie regarded os having 
prot-sti the long-sus|>ected connection lictwoen the 
aurora liorealis and the freely sus|>cndcd magnet ; and 
this in the face of urgent contestation.* liis contri- 
butions to Meteorology (founded rather upon the ob- 
servations of others than upon his own) vtere of con- 
siderable iin]>ortancc, and several of his popular pa- 
|>cr8, appended to the smaller Almanac (yfNnuuire) 
of the Board of Longitude, contain a great deal of 
well-digestcil and curious information. 

As Secretary of the Academy of Sciences in the 


Mnthematicat Department (in which office he sue- Ar*i;o «• 
cwsled Fourier, in ]83U), the duty devolved on him **' 

of writing the hir^raphies of eminent decease*! tneui-,.^y 
l>cr8 of the Academy. He iicstowed extraordinary RcieiMcs. 
pains on these comjKvsitions, and strove to rcmler 
them popular without sacrificing their sciculific cha- 
racter. In (his difficult attempt he was not always 
successful. Abrupt transitions, piquant anecdotes, 
(Ktradoxical arguments, and political allusions, appear, 
at least to (he English reailcr, to lie unaca*lemicsl 
adjnncts to the history of conti'mpi>rary discovery. 

The special plemlcr is too often visible, and even the 
occasional sacrifices of the strong spirit of nation- 
ality by which he was commonly actuated, to some 
chivalrous adjustment of the rights of disfwvery, 
do not always rarry conviction to the mind of the 
reader. The A'lof/c of Watt, proliahly the mo.st po- 
pular, appears to us far from lieing tlie liest of these 
biographies. Those of Sir W. Herschel and of Dr 
Young are ably executed, and display much research 
and candour. 

After having been for three years almost with- (618.) 
drawn from science by lingering di.sense, and nearly IIU desih. 
conqdete blindness, Aragoexpired at the Observatory 
of Paris, on the 2d October 1853, aged 07.* 


§ 5. Sir David Brewster — Pro^rei^a of Krperimfntol Optics — Laws of Polarization — thuble 
Pefraction produced h\t lUat and Compres«<m— //iscoi'cry of Uia,ral CrystaU-^-Laws of Me- 
taUxe UefUcAion — *d bsory/ton of Light; and Lines of Ike iSolar ^pecirum ; Fraunhofer. — 
Soobeck ; M. BioT. 

Wo have pleasure in ranking amongst the fore- 
most promoters of the science of optics iu iu sur- 
prising revival in the earlier part of this century, 
a philwiopher who still lives amongst us and pur- 
sues with anlour the investigations of his youth. 

Sir D.win Brkwstzb was bom at Jedburgh, in 
Scotland, on the llih December 1781. He was 
educated for the Seottish Church, and having en- 
tered the University of Kdinhurgh at a very early 
pursue*! his studies under Kohison, Playfmr, 
and Stewart, and fonnetl the friendship of those 
eminent men. Amongst fellow-students of no 
common dUiindion wbu at that lime frequented the 
college lectures, aud of whom nut a few were destined 
to signalize thcmsidvcs iu literature, science, aud the 
career of politics, he forminl the particular aci{uaint* 
ance of Mr, now Lonl Brougham, and through him 
w.'is led to study the inflection of light, and to repeat 
Newton’s experiments. This was in 1780 ; nor did 
he afterwards lose sight of a science which he was 
so signally to improve. The distraction of other 
occupations, the calls of his profession, and his 
indifferent health prevente*!, however, any very 
constant application to optics : and the part of 


* 8«e Eluclrir-ltv. * 4. * I 

s No doubt tbs fact had been slrwidy dUtloetly noticed by IljorUr and Cslutui »t U^mIs Id 1741. See Hsnetcsn, Mag- 
tMl'MiMJ drr Krdt. 

« The srticle PoLAarzsTtcix or LiOiiT In this iTu<ye(< 7 ><r((ia, (be prodoction of Arsgo, conteins sa czccllsat r«vicw of many 
of ths topics of thia hectioa. 


the subject he then principally studied was rather 
connected with the use and theory of instruments than 
with physical optics in the sense in which we have 
explained it. Thia is evident from his first separate 
puhlicatioQ in 1813, " on new' Philosophical Instru- 
ments,” which, though rotitaining many ingenious 
and valuable suggestions, fell short of the inqiortamY' 
of his siilisoqucul publications. 

Sir David Brewster’s genius was first calltd forth (621.) 
by the announcement of Malus’s great discoverv- Hirrci* hi" 
in 1808 of the polarization of light by *^c<*tion- pbv”icBr 
But for (he unfortunate ^mlitical relations of France optics, 
and England at the time, which prevented, to a 
degree which now appears almost incredible, the 
(ronsmissioti of even the most interesting ^^eientific 
facts from one country to the other, our country- 
men would have borne a larger share in (Im dis- 
coverbm which immediately followed ; and it would 
have been nn easier task to apportion with his- 
torical accuracy what was due to each. As the 
French jdiilosophers rcmainetl long in ignorance of 
the discoveries of Davy, and were anticipateil in 
every important step in voltaic science, so Mulus and 
Arago pursued and published researches nod bril- 
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littnt di&coveri<« which, literally for yearn, remained 
unknown in England to thc^ most interested and 
solicitous to Icam them. Thus Sir D. Brewster 
IcArnoil Hrst in IVhruary 1814 that Malus IumI in 
March 1811 published the discovery of the putar> 
ization of lizht 6y rr/ra<*tion, which he also hod iimdo ; 
whilst Arago's experiments on coloured polarization 
were likewise unknown to him through the same 
want of international communication. 
f6SS) The work on Philosophical Instruments, raen- 
on tioned alfove, contains, besides what its name more 
^ |«irticularly im|>ort8, numerous oliservations on rc- 
in*trsK fmetire and dispersive powers, including the disco- 
meats. very of auhstanecs more rcfn^ctivo than diamond, 
and less so tlian water. It also duscribes the pr«)- 
porty of some agates to transmit light polarized in 
only one plane. The imperfect polarization of light 
by metals and by n serene sky had been anticipated 
by Mains and Arago. 

(521.) From this time (1813) Sir David Brewster l>ecame 
IIU rp. a regular contributor to the London Philosophical 
*^tipaUub° Transactions, which, as well .as those of Edinbui^h, 
j«cw, contain a series of elaborate experimental investi- 
gations due to him, which have hardly been sur- 
{Missed. It is difTicuU to overrate (he importance of 
these researches, whether fur the intrinsic interest 
of the phenomena they reveal, or for the significance 
of the empirical laws hy which their author, with 
a rare sagacity, succeeded in classifying* facts, and 
afFordexi a sure basis for farther generalization. The 
number and variety of these researches is so ex- 
ceedingly great, and in many cases so impossible 
to explain without entering into minute detail, that 
I shall, in accordance with the )ilau uf this essay, 
merely indicate some of the most generally impor- 
tant hy arrunging them in groups. Such are-— 

•'521.) I. The laws of polarization hy reflection and re- 
of^tbe^^mw other quantitative laws of phenomena. 

un|inrt4iit. The discoverj of the polarizing structure in- 

duced by heal and pressure. 

III. The discovery of crystals with two axes of 
double refraction, and many of the laws of their phe- 
nomena, including the connection of optical structure 
and crystalline funns. 

IV. The laws of metallic reflection. 

V. Kxporiments on the absorption of light. 

^ (525.1 I. Malua bar! failed to discover a connection l»e- 
twrni the angle at which light is completely p«- 
Hyrrilw. Urized by reflection, and the other known optical 
ti,»n. properties of bodies. In 1814, Sir D. Brewster 

discovered the beautiful and simple law, '• that the 
index of refraction is equal to the tangent of the 
angle of polarization.” He had suspccUKl it much 


sooner, hut he had b<*en liafflcd by the irregular re- 
sults obtained by reflection from glass, whose sur- 
face he found to undergo on almost im|>creeptib]e 
chemical change. He further observed that it is 
only in bcKlies of low refmetive power that the po- 
larization is sensibly complete, a result of great im- 
portance, which has breu too much overlooked until 
the recent and valuable paper of Jamin on the same 
subject. He deduct'd as a corollary, that at the 
maximum polarizing angle the iucident and refracted 
rays arc at right angles to one another, and also 
Malus's ex])eriwcntal result that the rays reflected 
from the flrst and second surfaces of plates are 
simtdtanfouil^ potarizod. He further discovered the 
fact that light may bo completely polarized (as to 
sense) by a sufllcienC number of rcHections at any 
angle, and drew the euuclusion that the wkoU light 
undergoes vomc change at each reflection, in oppoei- 
lion to the view of .Malus, who maintained that, 
except at the polarizing angle, a portion of the light 
is polarized, and the rest is unchanged. 

8ir David Brewster independently observed the po- (526.) 
larization of light transmittcH] obliquely throughglass, 
and he cakuinted the iiuml>er of plates necessary to[^*^*** 
polnrizo it with sensible completeness. All these 
researches he resumed some years after (PAi/. Trans. 

1830), endeavouring to give a photometric estimate 
of the cflccts of reflection and refraction under all 
circumstances. The results as regards partially po- 
larized light may still l>c considered os subject to 
doubt His skill in obtaining a mathematical repre- 
sentation of the phenomena was again displayed in a 
number of laws connecting the experimental results.’ 

II. Mains had obserrod tlmt a vast number of (527.) 
substances depolarize*! light more or less completely ; roUriting 
and Arago found focble traces of chromatic polar- 
ization 111 some speamens of glass. But the moreg|,uB. 
defluite characters of the beautiful phenomena of 
glass not {perfectly annealed (which proved to l>e of 
unex|>octcd imfMjrtanco) were noticed, independently, 
by Sir D. Brewster and Dr Seebeck of Numl>erg. 

The latter had priority in publication, * but the former 
conectly refenvxl them to their immediate cause — 
the c*mstraint produced by rapid cooling. Sir D. 

Brewster noticed that the unanuealed glass which 
forms what are called Prince Ku{>crt’s Drops, had a 
remarkable power of depolarization ; and he also 
observed subsequently that the plates of glass be- 
tween which he was in tijc habit of squeezing heated 
wax and resins, for Bje pnrpose of optical examina- 
tion, transiently communicatod tints to |)olarized 
light These observations, duly dcvelopod, proved 
on the one hand that glass (and generally refracting 


> Tha» b« found tbat iho eff«i of rcfncUon on tbs pUi>« of polarimloa of Ih* iticiii<fnl light m»y b« «xprPM«d by this 
attnple formuls — couti o'ss cotan a cos (i — wh«r* a snd <»^ar« tbs silnatb* of th« planes of polarisation of tbe incident 
atid refracted rays measured fram the plane of rtiicetion. and i *nd ^ tbe augln of incidence ntsd refraction. ThU resolt, ad- 
it.irably earided by i-xperimeat, la also cimfonnabie to Krcanel'l Ibeory. 

" Id 5e*wWggrr'« Ja\trmai for 1813, vol. tII. ] have not born able to find in this pepor (wbicb eootaln* the 6r*t account of 
the beautiful aymmetrle coloured figures dUplayed In cubes sad cylinders of glaaa) tb« smslloft trace of tbe true cause »f tho 
pbenotneann, rix.. ibe audiltn or |>art>al owling of tho glwe. 
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Kolilis not usuallj pos»csscd of any polarizing action) 
acquired such properties by being suddenly und uu< 
equally cooled; and on the other, that such sub- 
stances undergoing partial changes of temperature, 
possess the same property. These phenomena are 
exceedingly l^eautiful, and easily displayed. It is 
sufRcicut to place a rectangular piece of glass, some- 
what thick, with one of its longer edges in contact 
with a hot iron, and placing it between a polarizing 
and analyzing plate, to incline the heated edge 45*^ 
to tlic plane of polarization. Bands of light and 
shade arc seen to traverse the glass parallel to the 
same edge, and simultaneously appear also on the 
side farthest from Uie heated iiicUil. They pass gra- 
dually into rich coloured tints ditFused with geometric 
regularity. In the case of cubes or cylinders of glass, 
suddenly, and therefore unequally cooled, tho pheno- 
mena are permanent, and the colours splendid, being 
urronged in patterns which may Im made to resemble 
those of natural crystaU. 

(528.) Sir DaWd Brewster at first ascribed these effects 

the direct effect of the heat in the glass upon 
light, and compared its simultaneous inlluencc over 
pr««fture. a whole plate to a jmlar inffiieiio*. Another curious 
discovery, also duo to him, leads to the simpler con- 
clusion, that in every case the development of a 
|K>larizing structure ig due to the varying tension 
(transient or permanent) into which the particles of 
the glass arc thrown by local expansion or by irre- 
gular cooling. This discovery was, that similar 
effects may l«c produced in jellies and soft trattsparent 
substances by the etfect of pressure, and that even 
glass itself, when strained in any way by mechanical 
force, shows depolarizing hands ; and crystals may 
have their peculiar optical phenomena altered by 
pressure. Fresnel, not satisficfl with inferring that 
the chromatic display is due to a doubly-refracting 
structure communicated to the glass, conlrivetl, by 
nn ingenious arrangement of prisms, actually to 
exhibit the separation of the images under the action 
of powerful pressure. 

III. Possibly the most remarkable of Sir David 
Brewster’s discoveries, — at all events, that which 
erysuls. probably cost him most labour to develope, — was that 
there are crystals possessing two axes of double re- 
fraction, and showing many remarkable phenomena, 
which indicate a connection between optical structure 
and crystalline fonn. Xo ono before him suspected 
the existence of a dmihly-refracting structure differ- 
ing from that so ably investigate<l by lluygens and 
Mains in Iceland spar. In 1313 Sir David Brew- 
ster had discovered coloured rings in topaz when 
viewed by polarized light. Though intimately <»n- 
nected with M. Arago’s olwen-atiun of coloors in 
crystallized plates, these interesting phenomena had 


a still more extraordinary and geometrical character. 

When a plate of topaz, split by natural cleavage, was 
prusentc*! between the polariziug and analyzing plaU* 

(or rhomb of cailc-spar), and at tho same time 
inclined in a certain manner, the colours were no 
longer in broad sheets, but, if viewed closely, they 
arranged themselves in oval rings of great beauty, 
presenting oMcr$ of mixed colour analogous to those 
described by Newton when formed l>elwucn convex 
glasses, and they were traversed by dark or white 
brushes os tho analyzing plate was held in tho 
dark or bright position. A second such system was 
observed inclin^ at an (apparent) angle of 05° in the 
same plate. 

Dr Wollaston afterwards (1814) discovered a phe- (630.) 
nomcnon equally beautiful in calcareous spar, of 
which Sir D. Brewster had already tjcrceived traces 
in some other cr)'stals. Concentric with the post- by uniaxai 
tion of the axis of double refraction (or optic ozt#), cr) siaJs. 
in a crystal of that mineral cut with two parallel 
faces perpendicular thereto, a series of perfectly sym« 
metric and exquisitely coloured rings are seen in 
larized light, having a white or black cross travers- 
ing them, according to the position of the analyzing 
plate. This magnincent plicnoimmon, which (except- 
ing, of course, tho rings of biaxal crystals mentioned 
above) has perhaps no parallel in optical science, is 
seen in the most perfect manner possible in an appa- 
ratus constructed solely of Icehind spar, cemented by 
Ciinada balsam. A KicDl’s single-image prism^ is 
used to polarize, another to analyze the light, and 
between them is a plate of calcareous spar properly 
cut. It is a truly astonishing paradox to see the 
union of throe {>crfcct]Y transparent and colourless 
crystals display by their union such an exquisite 
combination of form and oolour. The pole or centre of 
theringsin calc-spar coincidingwith the axis of double 
refraction, of necessity suggested the idea that topaz, 
which shows two systems of rings arranged round two 
poles, must possc'ss two axe-« of double refraction ; 
in other words, that there must exist within the 
crystal two directions (not mere Zincs), parallel to 
which a transmitted ray emerges without subdivision 
into two pencils. 

This probable conjecture was verified by careful ( 53 i.) 
oliservatioii, not only in topaz, but also in a vast Docble sy*- 
variety of other crystals which were found by 
David Brewster much more commonly to posse.ss two ’ 

than one system of rings. Amongst the earliest ex- 
amples which he observed were nitre, mica, acetate of 
lead, and Rochelle salt. Of these the first U exceed- 
ingly romarkablo for the small inclination of the axes 
(about b"") which permits both systems of rings to be 
readily observed at once. It was not, however, for 
some years (1817) that he reduced these most 


1 The iiiveiitHm of m mo*t ingenioM {i«ncn. the Ut« Mr William Vieol of 1-^inburgh. of the doublyrefractsd rsys it 
thrown rompletely nut of the field by undergoing total refiection at the eurfuce of a film of Canada balaara in contact with the 
•par, whilat thn other !««• refrangibte my proceedt quite Uolated, and with ecarcrly OBy low of brilliaocy. It it of oJmoss 
ODivenal applicttloo to tbU branch of Optics. 
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curious phenomenA to anything like a law. It was 
evident almost from tbo first, that the axes in ques> 
tioQ (which he termed axes of no polarization) are 
only the resu*’tantt of remoter fundamental actions of 
the crystalline constitution. For example, these 
axes rary in position according to the colour of tlio 
light used to display them ; their position within the 
crystal varies (as was shown by Mitscherlich) with 
the temperature of the body, nor is it obriously 
related to any of the geometrical lines of crystalliza* 
Tiaw of Um tion. Sir David Brewster succeeded in finding the 
tinu. Qf expressed upon the surface of a 

sphere of which the directions of the two axes form 
diameters. 31. Biot expressed the law more ele- 
gantly by saying, that the tint developed by a hioxa) 
crystal in any ray, is proportional to the product of 
the sines of the angles which the ray in question 
makes with the two optic axes. The tints arc con- 
sequently arrangc<l round the two poles of the axes, 
in a scries of curves resembling the figure 6, having 
each this property, that the product of the sines of 
the angular distances of each point of one curve from 
the two poles is equal U> a constant quantity. Such 
curves are called Icmniscatcs, and are b^utifully 
seen in nitre, especially when viewed hy homoge- 
neous light. 

(532.) A series of researches of the most elaborate 
RdRtiooof description led Sir David Brewster to this addi- 
Scterl to* admirable discovery, viz., that the optical 

er^vullla* characters of single refraction, double refraction 
foroni. with one axis, and double refraction with two axes, 
have reference invariably to the primitive crystalline 
form of the mincml, and that the complexity of the 
optica] character is as invariably related in degree to 
the complexity of the crystalline figure. Cubical and 
Tf^Utrly octahedral crystals (as rock stUt and /uor 
#/>ar)bcing possessed of perfect symmetry in three |jrin- 
cipal directions, possess also simple refraction. Crys* 
tals with one predominant line or axis of symmetry 
— as rhombohedrons, octahedrons with square bases, 
right prisms with square or hexagonal ba^4 — have a 
single axis of double r<^raction. Such, for instance, are 
letUifid //>ar, circon, tee, beryl. Finally, all crystals 
uzLsymmetrical in the tliree principal directions, in- 
cluding prisms and octahedrons whose bases are 
not tquorr, and those which are oblique, have tu-o 
axes of double refraction. The mrity and minute- 
ness of many crystals, the difficulty of cutting them, 
and when cut, of detecting their optic axes, evi- 
dently mode the research one of extrcuic labour, yet 
highly remunerative, not only through the discovery 
of the general principle, but by the vast amount of 
beautiful and varied optic displays witnessed in the 
course of it. Sir David Brewster was nearly, if not 
quite, alone in this researcli, and after a short resis- 
tance on the part of some mineralogists, his principle 
of disenminatiou of primitive forms of crystallization 
by optical characters has been perfectly established. 

(533.) IV. The action of metals on the light which they 


reflect is very peculiar. Malus, who at first believed Lnw* of 
that they were incapable of ^larixing it in any 
gree, afterwards changed his opinion, and inge- 
niously suggested that whilst transparent bodies 
reflect, at the polarizing angle, light polarized only in 
one plane, metals nrllcct rays oppositely polarized 
and then mixed. Sir David Brewster has the merit 
of haring, after several unsuccessful attempts, de- 
duced the leading empirical laws of motnilic polari- 
zation, having been |>artly guided (as he states in his 
|)apcr in the Philotopiiical Transaction* for 1830) 
by Fresnel's remarkable experiments on circular 
polarization produccnl by total reflection in glass 
(sec Art. 491). Having found qualities somewliat 
analogous in light reflected one or several times from 
metallic plates at various angles de{H.‘nding on the 
nature of the substance, lie gave to the light so re- 
flecte<l the name of elliptically polarized light. It 
was afterwards satisfactorily proved by Mr Airy that 
the light so uamecl by Sir D. Brewster is in fact 
identical in its qualities with the elliptically polar- 
ized light of Fresnel. 

The subject of metallic polarization is rather too (534.) 
abstruse to be explained in a |K>pular way ; and thc^*^'*’« 
phenomena produced with depolarizing plates of dif-[^^”’**‘ 
ferent metals an> nut so well known as, acconling to 
their discoverer, they de.servc to be. My limits only 
permit me at present to state that the care and accu- 
racy of Sir D. Brewster’s results are unquestionable; 
that they have funned almost the sole data upon 
which M. Cauchy and other mathematicians have 
based their theories of metallic reflection ; and that, 
by generalizing the more limited views entertained by 
Fresnel as to the constitution of media and the nature 
of reflected light, they have been mainly instrumental 
in fixing the later views of optical writers as to the 
precise phenomena of polarization os produced, not 
only by metals, but by other substances. To these 
views I shall briefly advert in the next section. 

The laws of the reflection of light at crystallized- ( 535 .) 
surfaces have also been studied by Sir D. Brewster. 

In this case observation is still in advance of theory. 

V. Of Sir David BrewstcFs ox|>criments on the ( 539 ,) 
absorption of light wo must speak much more.\fc«arptioQ 
briefly. White light U coloured or analvimd by**^*^*^^ 
refraction (as in a prism) ; by simple interference, as 
in Newton's rings ; by double refraction combined 
with polarization. But it is also decomposo<l in a 
way whicli, primarily at least, seems diiToreut from 
all these, — by {mssing through coloured, or ratocT, 
colouring me<lia, whether solids, liquhls, ot* gases, 
as n'd glass, ink, clilorinc. This, the most familiar 
mode of coloration, is the most difficult to account 
fur, and Has l>ccii (on account of iu obscurity) less 
studied than tbo others. In some instances, the 
complementary colour (that which, added to the 
transmitted tint, iiiakcfi up white light) is cntirvly 
absorbed or lost; iu other cases it is reflected at or 
near the first surface of the medium. Sometimes 
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thti transmitted light ia mode up of diflerent portions 
of the spectrum curiously blouded, whilst raji 
intermediate in the order of refrangihility are wholly 
stifled. Many crystals have tho curious property of 
•Hekroism^ that is» of transmitting light of different 
colours in different directions. All these facts have 
been very carefully studied by Sir David Brewster. 

But the most remarkable phenomenon to be noticed 
under this head is tho wonderful action of nitrous acid 
gns upon light,' \\Tien a beam, either of sunlight, or 
the tight of a lamp, is passed through a bottle contain- 
ing a small quantity of fuming nitrous ncid, the light 
eiuergca of a tawny orange colour, which may bo 
deepened indeSnitely by heating the acid. If this light 
bo then analyzed % a common prism, a wonderful 
spectacle is seen. The sptM^trum appears traversed 
by countless bands or dark spaces, whilst the blue 
and violet colours are nearly alworbed. The effect 
of tho gas, then, is this, — to stifle or absorb countless 
minute portions of light seemingly selected at ran- 
dom from every part of every colour in the whole 
spectrum. Some of these deficient rays are broad 
and palpable, but most of them are so fine a.s to be 
visible only with the telescope. To understand the 
full import of this discovery, it is necessary to 
describe first the Hues of Fraunho/er. 

JosEfii Fravkhofbr, bora in Bavaria, of humble 
parents, in 1787i raised himself by his unassisted 
efforts to be the first practical optician of the day. 
Ho had also the merit of devoting his leisure and 
tho fino apparatus at his command to the observa- 
tion and discovery of many optical phenomena, par- 
ticularly those diffractive colours produced by fine 
gratings, which are known under the name of Fraun- 
hofer’s spectra.* His prindpal discovery, however, 
was (in 1814) that of countless deftcieut or «lark 
lines in the st^r spectrum, resembling those which, 
as we have moutioued, were afterwards observed by 
Sir D. Brewster, to be produced in any kind of 
light by the action of nitrous gas. The deficient rays 
of solar light had, indeed, been observed still earlier 
(in 1802) by Dr Wollaston, but ho counted only a 
very few of the more conspicuous ones ; he describe*! 
them merely incidentally, and (unusnally with him) 
seems not to have perceived the great value of the dis- 
covery both in a theoretical and practical pointof view. 

Fraunhoforis beautiful map of the spectrum, tra- 
versed by lines of every grade of darkness, and clus- 
tered with every conecivablc variety of distrihutton, 
was published in the Munich Transactions. Ho 
counted 500 lines, but Sir D. Brewster states that ho 
has carried the numl>cr to 2000. Like the stars, Uiey 
are probably countless. These lin^ characterize solar 
light. The light of the fixed slurs and that of the 


electric spark have their peculiar deficiencies diffe- 
rent from those of our sun. These were disco- 
vere<l by Fraunhofer, as well as their occurrenco in 
certain coloured flames. The order and number 
of the lines is, in each case, independent of the 
kind of prism used ; but the an<;ular distributiou 
of tho deficient rays varies with the material. 

Thus an oil of cassia prism expands most in pro- 
portion tho less refrangible end of tho spectrum ; 
while water and sulphuric acid act with dispropor- 
tionate dispersive energy on blue and violet light. 

This pro{)crty of substances had l)cen already studied 
by Sir D. Brewster with his usual diligence; hut tho 
importance of Fraunhofer’s discovery was this, that 
the lines (the larger of which he distinguished by 
letters of the alphabet) furnish landmarks which de- 
fine special rays of light invariably recognisable under 
all circumstances, which the vogue description of 
thoir tints ts quite incompetent to do. This enabled, 
on the one hand, the practical optician to discover 
the kinds of gloss most fit for achromatic combina- 
tion ; and, on the other, it afforded precise numerical 
measures of the quality of disytrsxusncfs iu bodies 
which have been partly already, and will yet much 
more become, tests of some of the more obscure and 
difficult portions of the theory of light, ^tbose, namely, 
which are connected with dispersion and al>sorptioD. 
Fraunhofer w'as, after Dullond, the most eminent and 
scientific manufacturer of achromatic telescopes, of 
which he vastly increased the aperture. He died at 
Munich in 162G. 

Returning to Sir David Brewster’s discovery of the (540.) 
artifeial production of analogous lines or deficient Action of 
rays in light from any source, its importance is easily 
perceived ; — for, in tho first place, it so fur accounts rurtb’i nt- 
for the strange phenomenon of tho deficient rays moiphoro 
of the sun’s light, by showing that it may bo caused 
by a gas resembling nitrous acid gas in its proper- ^ 
tk's existing in the solar atmosphere ; and, farther, 
if so astonishing a result of absorption is ever to bo 
explaine*! by theory, the first step is to bo able to 
pr^uce the phenomenon at pleasure, and to examine 
the qualities of the bodies producing it. The phe- 
nomena of coloured flames which possess standard 
deficient rays, present {lorbaps a cloecr analogy to 
the sklercal spectra. Sir David Brewster has far- 
ther found that the absorptive action of tho earth’s 
atmosphere (detected by the varying character of the 
spectrum for different angular a1titu*les of the sun) in- 
creases the number and also the breadth of these lines. 

Intimately connected with, and nearly of the same (&tl.) 
date as these experiments, was an ulMcrvation of Sir 
D. Brewster’s, which has received less general *“«e*nt 
than any other of tho numerous and important ones th« ip«c- 
trum. 


' Kditttmryk r«vs*aer>i>nf, v<4. xU. (IB33). 

* Th* p4>culiarity of tbew> apeetrs U tbit, that tlwy eotwlft ot pMT4 coloorv, whlUt slroott sll Interfurencv-coloura art, libs tbose 
of Nowton's riog«. diIx« 4 snd impare. One mult Is very rcmsrk»bl«. Prsanbofer obutovd hip ap^ctr* of pneb brillUnry m to 
bo sbl« to niMPuro tbe {rotlUon of the d&rk Udm (sii cvldeacp of Ifaeir «xc««diag purityX thus obtulning u namdord in 

which the matarUl of th« prism bas nu inflaence wbatover in varying tba ratio of the dhpenlon of th* various colours. 
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which we owe to hiR genius. It is au analysis of the 
coloured light of the (so>cAllcd) hamogcncous rays of 
the pure spectrum by the spccitic action of absorbing 
8ubstau<»8. Sir D. Brewster believes that he has 
separated the homogeneous orange of Newton into 
red and yellow, the green into yellow and blue; and 
tliat, in fact, each of the three primary colours exists 
at every point of the spectrum. But as grave doubts 
have been thrown on the results, especially by the 
recent careful experiments of Ilelmholz, I shall not 
further insist upon them here.* Still less can I take 
notice of a multitude of microscopic researches on a 
variety of objects in the animal, vegetable, aud mineral 
kingdom, and on the physiology of vision, with which 
Sir D. Brewster has lilled a multitude of memoirs, 
each bearing testimony to the zeal and acuteness by 
which his researches are directed. 

(548.) Sir David Brewster received, in 1816, jointly wiih 
Ills other Secbeck, one of the great prizes of the Institute; he 
•ri«oiific received, in succession, all the medals in the gift 

of the Uoyal Societies of London and Edinburgh, and 
he is an honorary member of the principal academies 
of Europe. In particular, he is one of the eight asso- 
date- members of the French Academy of Sciences, 
To meteorology he has been a valuable contributor, 
having di.scu&sed in an able paper the law of the 
distribution of temperature over the glolto, and 
pointed out the near coincidence of two n'giona 
or centres of greatest cold in tho northern hemt- 
sphere, with the magnetic poles. Ilia papers are 
BO numerous, and their variety is so great, as to 
render an enumeration, even of those containing what 
may reasonably be termed ducoverie*, impossible 
within our limits. Few persons have made willi 
their own eyes so vast a number of independent 
olMervations ; few have ever oliserved better, or re- 
corded their observations more faithfully. lie has 
discovere<i (as wc have partly seen) a multitude of 
laws of phmiomcna of the greatest importance in the 
construction of a theory, hut he has not lieen forwar*! 
in proposing such a theory. Neither the moveable 
polarization of Biot, nor the transverse undulations 
of Young and Fresnel, rcccivc<l his cordial assent. 
Generally speaking, he has l>ecn favourable to a cor- 
puscular theory of light, without, however, attempting 
to rcD'ler the Newtonian view mechanically con.sistent 
with the astonishing variety of complex phenomena 
which he aided in dUcovering, and which would evi- 
dently require it (to say the least) to Ihj completely 
remodelled. His scientific glory is different in kind 
from that of Y'oung and Fresnel ; but the diB«)vorer 
of the law of polurizati<m, of biaxal crystals, of o|v 
tical mineralogy, and of double refraction by com- 
pression, will always occupy a foremost rank in the 
intellectual history of the age. 

(543 ) Before closing this section I shall aild a few words 
respecting the discoveries of Mil. Secbeck and Biot, 

* 9«e air D. Drewit«r'i itsUMaeot ami defence bit 


which have a very close relation to those of Sir David 
Brewster. 

Thomas Sbebeck was born in 1770. Wo have (M4.) 
seen that ho was one of the discoverers cf the depola- 8«*b*ck. 
rizing structure of heated and compressed glass (527). 

In 1616 he observed, independently of M. Biot, the 
property of oil of turpentine and other fluids to rotate 
the plane of polarization of light transmitted through 
them, thus acting similarly to a crystal of quartz on a 
ray passing along its axis [512). Previously to these 
discoveries he hod repeated Sir William llcrscbePs 
experiment on the position of maximum heat in the 
spectrum, and found it to vary with the material of 
the prism. When the science of electro-magnetism 
was created by Oersted in 1819, his attention became 
chiefly directed to that class of phenomena, aud in 
1823 he was fortunate enough to discover thermo- 
electricity. He also wrote many papers on allied 
subjects. He was a skilful obsen*er, but deficient in 
the power of physical analysis. He died in 1831. 

AI. Biot, at the time I write, the oldest member f545,) 
(I believe) of the Academy of Sciences, and one of 
the veterans of European scicn<», was bom at Paris ^ 
in 1774, and has lived to the age of 80, a life ofwurbM. 
almost unintermittexi intellectual labour. It is im- 
possible not to be touched by the evidence of such 
unconquerable love of knowledge. Uo wa-s, if I 
mistake not, one of the original pupils of the Poly- 
technic School ; and his talents being first develope*! 
in an almost purely mathematical direction, he at- 
traclol the notice of Laplace, who introduce*! him to 
the Institute, and by whom he was always In-fricndid. 

In 1802 he published a work on cur%*e3 and surfaces 
of the second degree, and was the first after Lamlicrt 
who thought of applying mathematics to the theory 
of conducted heat. From this time his aitratiou 
was ahnost exclusively directed to the a[q)lied sciences, 
and the nuiid>cr ami variety of his cx;»eriiiicnts and 
writings almost bafllcs enumeration. Inscriptive and 
practical astronomy, the theories of sound, of light, 
of the voltaic pile, of terrestrial magnetism, of electro- 
magnetism, of heat, radiant and comhineil, have }>een 
the subjects of his studies and writings. Wc find him 
in the earlier part of his career associated with Gay 
Lussac in his first aeronautic expedition, and with 
Arago in the geodetical and astronomical operations 
of the great arc of the meridian. He afterwards 
carriod the pendulum to the Island of Unst, the 
northmost land in Shetland ; and he made original 
experiments on the propagation of heat and of sound. 

He wrote a voluminous treatiso on descriptive and 
practical astronomy, one still more elaborate on 
general physics, apd a vast numlicr of miscellaneous 
papers in the Journal iSauans and the Ihojmphie 
(luivmelU. His original memoirs in the TranK- 
actions of the Academy are ustially very long and 
elaborate, his calculations and empirical fonnulio 


opiaioas in his Ijtfe of K«wtoo, vi^. I., p. 117, Ac. 
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lalmriously accurate. One of his papers fills au 
entire volume of the Academy's Memoirs. Even 
the astronomical hierop;lyphica of the Kj^yptians, and 
the chronoli^y of Chinese eclipses, have drawn from 
his pen leame<l treatises ; and he has expounded the 
labours and discoveries of his countrymen and others 
with almost as much care and eHort as if they had 
been pru|>ur to himsedf. But his suljject by pri*di- 
lection wo-s optics, and hero he made hia most con- 
siderahic discovery, and that which he has followed 
out with most minute industry, namely, the rotatory 
action of fluids, in which ho hail Seels'ck for n cordis* 
coverer. (Sec Art. 512.) He studied the colours of 
cryatallizcd plates with exemplary patience, and as 
we have seen in the pri'ceflin); section, by bis accu> 
rate observations on the law of the tints, prepared 
the way for the theory of transverse vibrations ; hut 
his own doctrine of moveable polarization, which he 
imagined to explain them, mode no impression on 
the pru;^ress of science. He was the first who di- 
vided doabIy>refractin^ crystals into positivo (as 


quartz), and negative (as calcatvoiut spar). In the 
former the extraordinary wave is a prulat J spheroid, 
and iucloseil within the ordinary spherical wave ; in 
the latter the spheroid is oblate, and exterior to tho 
sphere. He al.-io discovered (very approximately) 
the law regulating the plane of polarization of the 
rays in Idaxal crystals. 

M. Biot has fur aliout half a ccnluiy* licen an active (546.) 
pmfess(»r and meinlierof tho Institute. His researches, 
always niarkoil by precision, are {Hirhaps defleiont in 
Iwld conjecture and happy generalization. They are 
conducted with a mathematical stiffness which allows 
little play to tho fancy, and in hypothetical reason* 
ing he rarely indulges. Hia style is funnui yet ditfuse, 
and consequently st>mcwhat repulsive to (ho student. 

His works arc consequently not easily read, and have 
contributed less to the progress of knowle^lge than the 
scrupulous care often evimxd in their compilation 
might seem to warrant. Yet the name of Biot will be 
ever associated with devotion to science, and especially 
with tho progress of optics in our own day. 


§ 6. Mr Airy, Sir Wiujam R. H.\MfLTOS, and Professors Lloyd and Maix^CLLaoii. — Ctmfirma^ 
lion of Fresnel's Theory — Invtfitiyation of the Wave Surface completed ; Conical Refraction. 
— M. Cai'CIIY. Mechanical Theory of Elattie. Metiia^ and of Ordinary and A^fetallic 
Rejection; M. Jamin . — Theory of Disptrtion ; Professor Powell. 


(547.) It would not be po.ssihle, in one short section, to 
ProgrtHa justice to thc various improvements and additions 
which the undulatory theory of light — the joint crea- 
nry tiars tion of Huygens, Young, and Fresnel — has received 
Kr««Q«l. since the nearly simultaneous decease of the two last- 
named philfuiophers. But while a vast amount of 
labour and of mathematical and experimental skill 
, has been thus expended, of which it would be in vain 
to attempt within oar limits to give an account, we may 
pause u|H»n two or thn» of the more conspicuous re- 
sults of these researches, which, in conformity with 
the plan of this dissertation, may give a tolerable 
idea of their general tendency. 

(548.) Looking at the history generally, we find one cu- 
PecuHari. rious peculiarity in tho progress of this remarkable 
theory. Its origin in the seventeenth century was 
unattcndoil with sympathy or success. It received 
little support, and was well nigh forgotten for more 
than an hundred years: it was then resmucd(wc might 
almost say rc-invcnied) in England, but it remained 
UD}>opu)ar and almn«t unknown unril re-echoe<) from 
a foreign land ; while in France itself the views of 
Fresnel wore (with one or two exceptions) a.s little 
Appreci.st*sl as those of Young had Ijccii in England. 
From tliis |>criod England Ivr.xme the place of its 
chief development ; and with the exception of one 
eminent philosopher, M. Cauchy, its supporters and 
extenders, whether by analysis or cx|>erimcnt, have 


belonged to Great Britain,* a few of the mo.st conspi- 
cuous of whom are named at the head of this section. 

The attention of the British public was forcibly (549.) 
called to the theory of Young and Fresnel, by an 
able treatise on Liyht, oontributisd by Sir John 
Herschel in 1827 to the Enet/clopadia 
The exocUent method, lucid explanations, and intel- 
ligent zeal which markesi this essay compelled the no- 
tice of men of science, too long deterred from tho study 
of tho fragmentary and al*struso writings of Young. 

It was followetl four years later by a most able and 
precise mathematical exposition of the theory, and its 
application to optical problems, by Mr Airv (now As- 
tronomer Royal), who was then Plumian Professor at 
Oirabridge, and who introduccil this part of optics 
as a branch of study in th.xt university. Whilst tho 
excellent tract on the undulatory theory (publishe«l in 
1831 in his Mothrmatleol Tracts) o[KMjcd up the 
subject in a must accessible form to British mathe- 
maticians, his original papers in' the CttmbriJytt 
7'raMactioHM confirme<l the doctrines of Fresnel by a 
number of new and ndmirahly contrived expcrinieuts, 
some in connection with interference, some with po- 
lariziition, an<! all were confronted with the rigorous 
rt’sults of the mathematical theory. Tlie paper on 
Quartz, and that on theRainliow, have been already 
rt‘ferred to (art. 460, 512). The writings oFMr Airy 
and of Sir John Henichel have continiicfl to l>c the 


* SI. Moignn (n FrvncIiTBsn), wrUiog So 1847, l»m*nU th«l Pruvee wm tbrn perhsp* tbe oalf raantrT io whicb the expcriiseot 
of ** ooaical rsfractiob'' (tbe triumph of Fresnei'* theory to bo proKotlj tneitUonod; hiul nr«cr been ropeotod. 
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main sourccsofiufonnationon this sithjecLand onphy- 
tsical nptic» gcncniliy, not only in this country but on 
the Continent. It is remarkable that in France, which 
posBCS'scs so many ailmirablu scientific books, there 
should not ('xist a single good treatise on optics. 
Had not Mr Airy's attention lieen necessarily with- 
drawn from optics to astronomy, it is very evblent that 
the theory of light would have received from Lira 
many farther im|»ortaut additions. 
ffi.'O) Whilst an impulse was thus given to the mathc- 
theory of light in the University of Com- 
um Htid Dr bridge, a similar progress was being made in the 
Lloyd. sister University of Pablin, where three of her most 
eminent professors, Sir Williah Eowan Hamiltox 
and Professors Lloyd and Maccgllagh devoted 
themselves energetically to ita improvement and veri- 
fication. 

r&6l.) Tothe two former of these we owe the prediction and 
Cimtcsl re- ocular demonstration of the most singular and critical 
*'^'^^*** Fresnol's theory. Sir William 
cryeuU Hamilton, a geometer of the first order, having un- 
dertaken the more complete discussion of the wave 
surface of Fresnel (see Section Third of this Chapter), 
to the equation of which he gave a more elegant 
form than heretofore,* ascertaine<l the exact nature 
of that surface, and consequently the exact direction 
of refracted rays in the neighbourhood of the optic 
axes.*’ It h.^l lieim shown by Fresnel that, in the case 
of crystals with fU'O axes, a plane section in a certain 
direction cuts the two sheets of the wave surface in 
a circle and in an ellipse, which necessarily intersect 
each other in four places. (See the annexed figure.) 
In the lines joining these four]>oints with tlic centre 
of the figure the velocity of the two rays is equal. 
Now the CMSp# or sharp inflections of the wave surface 
in these particular directions, occur not only in the 
particular plane of sectiou which wc have considered, 
but in any section of the wave surface passing through 
these lines of equal ray- velocity. In the figure, there- 
fore, of the compound sheet there is not a furrow^ as 
Fresnel had suppose*!, but a pit or dimple, with 
archexi sides something like the flower of a convol- 
vulus, and tile surfaces meet at the bottom of the pit 
at a definite angle. Let the circle and ellipse, 
in the aunexed figure, represent the section of the 
wave surface we have described ; then O P is the line 
of unifonn propagation, and P is the bottom of Che 


oonoidal pit M P N. Now 
suppose a slender ray of light 
to move through the crystal in 
the line OP, and to emerge 
into air at a surface of the 
crystal cut perpendicular or 
nearly so to the direction of 
single ray-velocity 0 P. If we 
confine our attention at first to 
the plane of the figure only, 
that ray having intersecting 
tangents both proper to the wave surface, would 
give rise, on Huygens’ constniction (art. 475 )» to Ufo 
emergent rays inclined at an angle. But since this 
is Uic case, not only in the plane of the figure, but 
(os has l>ccn stated) in any piano passing tlirough 
the ray in question, the emergent light must form a 
conical luminous sheet, the angle of the cone being 
determined by the refractive properties of the crystal. 

This beautiful and uncxpcct4?<i result was verified with 
great skill and address by Dr Lloyd in the case of 
Arragunite, which is a hiaxal crystal, and he found 
the position, dimensions, and conditions of polarixa. 
tion of the emerging cone of light to be exactly such 
as theory assigns. \Vhen all the necessary correc- 
tions arc attended to, the angle of the cone of light 
is about 3^ There is another case of conical (or it 
might be called cylindrical) reflation, which occurs 
nearly in the same portion of a crystal, which was 
predicted and discovered in like manner, but which 
wc will not stop to particularize.® The observations 
of Dr Lloyd have boon extended by M. Haidinger to 
the case of Diopsido, a crystal also having two optic 
axes. 

Every one capable of appreciating such evidence, 
will feel the irresistible impression which so curious Other 
an anticipation, so accurately fulfilled, gives us ofthe*^J^“ 
positive truth of a theory admitting of such xeri-„jUfl„* 
fications. The names of Sir W. Hamilton and DrDrLU^d. 
Lloyd will he handed down to ]>osterity in connec- 
tion with this admirable discovery. But they have 
also other claims to our respect, to which wc can 
here only refer in the most general terms. The for- 
mer has generalized the most complicatdl cases of 
common gcoractrical optics by a peculiar analysis dc- 
tcIojkhI in his essays on *♦ Systems of Kays” (Irish 
Ara>iemy Transactions^ vols. xv.-xvii.)* To Dr Lloyd 


> Th. cqu.u™ i.- 

* It was pbown by Stir W. lUmiltoo that Ungrnt pUns M K toudirs th« w«v« surface, not in two points merely, hut in a 
cirtU »/ ci>niaei ; cuosequently, the perpeixltculor to (bis tangent plane, OM, is the direction of on* of the optic exes (or the relo- 
rtty U the some fur tioth portions of the com pound ioot>e>. lienee a ny Utcident eitentslly so os to be rcfrnru>4 along this parpen* 
dicular, will at entrusr* spread into a hollow cone interior to the crystal, and on emergence at a parallel for* each portion of 
the ray recovers a direction parallel to its primitive direction, and & laminvos hollow cylinder Is the result, Dr Lloyd, In 
the fptsA Afodemy 7V«m*«<riu*is, vol. xvii., and fiir W. U. llstnilton's third supplement to his “ Systems of Rays” in the same v«l. 

** ^ir \V. K. lUtnUt<i*j is also a discoverer io pur* analyst* and its connectioa with geometry. Following up the ideas of Mr 
'Wsrmi on the geomelricml signiAcAivre of the symbol os indicative of direction, 8ir W. IlamiltuD has developed the thoery 

Qoaier- ^ doss of imaginary quantities, which he teitus qunontiitm*, by means of which ho contrives to express simultaneously 

nioos. fl,, direction in space and magnitude of n line or furm ; and this calculus he has applied tothe solutions of problems of geometry 
end physical astronomy. The quaterainn appears toexpreu somethtug even beyond this; and this redondancy has been consi- 
dered a* adifflirulty by some mathematicUno. The superfluous number is considered by 8ir W. llomilion os reprceentiog (foM 
iii mechanical problems. 



Digitized, by Google 



Gha?. § 6.] 


OPTICS. — MACCULLAGH — M. CAUCHY. 


121 


(55a) 

HucuU 

Ugh, 


( 554 .) 
Mecbfttiictl 
theoriH af 
ribratorj 
notiun- 


wc arc mdcbtcd for several interesting cx|K:nmeiitaI 
pa|>crs uQ optics, for au able ami impartial review 
of the progress of the acienoe,’ and for an excellent 
elementary treatise on the Wave Theory, which forms 
by far the best popular introduction to the subject. 

Closely associate in his pursuits, as in fK'rsonol 
friendship, with Sir W. H. llamiAiA and Dr Lloyd, 
was Jamks MACCCLLAUit.a nntipA>rTyrone, born in 
1809, and who diod pri'inaturely and unhappily Oc- 
tober 24, 1847.* Hot hrst paper was communicated 
to the Hoyal Irisb Academy at the age (d* 21. It 
was one of the earliest original contributions of this 
country to the development of the theory of Frcsucl. 
The construction of the wave surface in biaxal crys- 
tals was simpliBcd and improved; and in 1836 a 
second paper appeared, in which geometrical construe* 
lions of groat elegance were employed for the farther 
investigation of the subject. Mr .>Iaccullagh next at* 
tacked the theory of the undulations of other in quartz 
crystals, to which he gave a mathematical lucprcssion 
(see art. 512). In 1838 he puldisKed a {taper on the 
laws of crystalline reflection, in which he adopte<l 
certain hy{>othesea, sucli as that the vibrations of the 
ethereal particles, in the case of polarizi^d light, are 
parallel to the plane of polarization ^contrary to Fres- 
nel's opinion), and that the density of ether is the same 
in all incilia. lu a sultsequcnt memoir on tho dyna- 
mical theory of reJlection and refraction, he arrived 
at similar results with fewer physical assumptions, 
and by a more purely mathematical treatment of the 
eubj(^ct. Subsequent researches, presently to be men- 
tionetl, have diminished the value of these theoretical 
investigations. 

Kumeroufl mathematicians of eminence at homo 
and abroad entered upon the same arduous enquiry. 
To attempt to deduce from tlie hypothetical constitu- 
tion of a very rare highly-clastic medium, together 
with the known dynamic laws, the various complicated 
facts of optica, was n problem whose difficulty w oa only 
equalled by iU indefinite character. Fur how little 
do we know of the molecular constitution of such 
fluids as air and water I How luuch less then of a 
fluid (if wemay so term it) almost infinitely rarer, and 
incapable of being inclosed, measured, or weighcil ? 
The bure possibility of Irann'crrctl undulations was 
long conteste<l by very able mathematicians ; and con- 
ceding it, the mutual influence of 'such an ether and 
the particles of gross matter (as shown by reflection 
aud refraction) must, it would sei'iii, fur ever remain 
problematical. Yet, however gratuitous or even er- 
roneous our reasonings about such ultimate questions 
may be, there is no doubt a real licnefit in obtaining 


from them at least a mathomaiical congruity wiib oli- 
sorve<i facts. The progress of science shows that 
there is a practical usefulness in this step. On the 
other baud, wc must not W di»conrag«l to find 
that there ore so many bandies to the matter, that 
even the most profound thinkers may conceive that 
they have reachcul the proposeil end by different and 
incongruous routes. Desides the mathematiciuns 
whom I have mentioned, many others were in tho 
field ; for the result of tremors pro|KigatfHl through 
elastic media of different kinds is an enquiry of ex- 
cessive generality, and forms a part of many branches 
of science besides optics. MM. Oauchy, Navior, 
Poisson, Coriolis, Green, Kelland, and Neumann arc 
amongst those wh<^attackcd the problem. For a series 
of years memoirs rose fast and thick on this favourite 
battle-field; and c\*en a skilful mathematician might 
find it DO small {^mance to discuss the merits of the 
various hypotheses ami tho solidity of the res|)ective 
deductions which were proposed. 

It must be owned thai a great part of this 
mathematical toil has been without immefliatc result 
in optics. It is by oom|)aring tho conclusions or- tic*, 
rived at by authorities of seemingly ctjnal weight, that 
we learn the difference between a stable physical in- 
duction aud a clever mathematical hypothesis. Mac- 
cullagh, for instance, maintains the vibrations of ether 
to \»paraUel to the plane of polarization; Fnsnel 
and M. Cauchy* that they arc pt*r{K'iidicular. Th*- 
first mathenmtician eonsidereti that the vibrations are 
wholly 'fra»irt'<T*af, tho last Udieves that the normal 
vibrations have also their slmre in affecting the 
phenomena, whilst Poisson denies that transversal 
vibrations can bo pro[iagatc<l to a sensible distance. 
Maccullagh finds that, to account for metallic r»*flec- 
tion. the indices of refraction of mercury and silver 
are 15*0 and 35*0, whilst Cauchy makes them but 
1*77 and 0*34. One theorist assumes that the 
density of other is tho some in all ImkUcs, another 
that it is greatest in a vacuum, and others pix>- 
cisely the reverse ; one that vibration is not nccoin- 
{>anied by change of density, another that it is 
and so on in almost eudleas variety. A matun*d 
opinion can only be formed aflcr the results of the 
various assumptions, and their congruity with facta, 
have been more thoroughly workwl out. Already 
two of Maccullogh's essential postulates have lost 
much of their plausibility ; that respecting the di- 
rection of tlie vibrations in polarized light has been 
probably decidetl by Professor Stokes in favour of 
Fresnel’s op|K>site view, by an aduiirably devised ex- 
periment ou the effect of diffraction on polarized 


^ BrUith Atufciatio» Rtportt fur 1S34. 

* It U uanecMMry to luppm* the f*ct Ui»t Hr MurulUgh diml Uy bi* nwn hand, under ihfl preenire of a fit of despondency, 
brought on (it la believed) by uvtT*work ; a fate happily extremely mr« amongst *tu<lenl* of exact Ktence. I my it )«■ iieedlets 
to anpprrM the fact, beeaoM it infer* do bUme. Sir Maccaliegh wm an amiable, pluu*, and exemplary mao. lrre«pou»lble In- 
■anity w**, of courae. the cause. 

* Till* 1* M. Caachy'* Ia*t view ; for aocne year* be adopted the oppoelteone, which be then rurretidered with great franknee*. 

* If, however, the vibraUun* wera wholly trauaverml, It *u«in* to he admitted that they would xtot affect the deoeity of the medium. 
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my» the existenoo of uormai vibration* to 

Imi provcil by the ingenious experiments of M. Jamin, 
showing thill at no an^U is light perfectly polarized 
by reflection. The more we tu‘e of these divorsitiGS 
arising in the progres* of science, the Icr* are wu 
disposed to found on merely mathematical conclu- 
sions from an assumed constitution of clastic liodies ; 
thu tnore» on the other hand, do wc admire the ad- 
mirable sazacity of Ffcsnol— the real Newton of 
modern optics — few of even the least of whose sug- 
gestive anticipations have fallen to the ground. 

(fida.) M. Acol'stls Lot'is CACCHr has been long known 
a.* one of tho ablest and most prolific mathematical 
writers of this century. Beside* numerous and im- 
cbI Uboun. portant memoirs, on nearly evecy branch of pure 
and app1i(*d malbcmnCics, publish!^ in the Journal 
eie PErote Polytechnitfue, and the Memoirs of the In- 
stitute, he has published, in a separate form, £>cr- 
ci»f» de$ Malhnnntujtici in two series of voliinu>s ; 
and for many year* scarcely a weekly meeting of the 
Acmlemy of Sciences oceurreii without a mathema- 
tical memoir of this prolific author being laid on the 
faille, and subsequently printed in the C’ompf#* Am- 
<iuM, The inU*gral calculus and other parts of ana- 
lysis form the subjects of a large part of these writings; 
but the theory of hydrodynamics in the earlier, ami of 
optics in tho later part of his coreer, are largely re- 
presented. So diffuse and desultory a mode of publi- 
cation ha.R lieeii little favourable to thruio who wish to 
make themselves acquainted with what has Km ac- 
complishcl by M. Cauchy. The scientific world is in- 
debted to Abbd Moigno in France, M. Radicko'^in 
Germany, and Professor Powtdl* in England, for ana- 
lyzing in part his optical Itibours. As the present 
brief notice is evidently inadequate to include even 
the most superficial view of the whole, I shall say a 
few words U|Km two of hi* theoretical reswirrlics on 
light, which have attracted most general attention. 
The first is upon the theory of Kcfirctinn and Re- 
fraction, framed so as to include the phenomena of 
metallic ndlection ; the second is upon the Dispersion 
of Light. 

(Wr.) I shall first mention some seemingly excepiioual 


fact* to the ordinary law* of polarization by retlec- Thwrv of 
tion. As early aa 1B14 {PhUotophiral Truns/ictcotts, 

1814, p. 230), Sir David Brew sler ha«i remarked that uon.TiJ*”* 
such highly refractive sub.>itanc(!9as Realgar, Diamond, clwdlBg thi 
and Chromate of Ijcmi, do not polarize, at any angle, 
the whole of the reflected light. Mr Airy afterwards 
6howe<l that light reflected from diamond near the 
maximum polarizing angle, (lossesses qualities re- 
sembling those of light reflected from metals. The 
same view was more generally stated by Mr Dale;* 
and last of all, M. Jamin showed that all tram<{iarcui M. Jamio. 
guhstaiices polame elUfttiraUy (he light w hich they 
reflect, — the difference of “ phase ** of the two com|M>- 
nent vibrations increasing from 100® at a perpen- 
dieular incidence, to 360" at an incidence of 90" ; and 
that the laws of reflection at transparent surfaces, as 
also in the case of Dictals, de|iend upon two con- 
stants — the index of refraction and the coefUeitM of 
cUif^ixeity, And he has detennined in numerous 
ca.*es the valium of these constants. 

Thus Fresner* theory of reflection requires un- ('-M ) 
douhldl modification. It only holds true for sub- 
stances whose index of refraction is nearly D46, by 

of tho gloss which he examined. Tho complication Gr**n snil 
is held to arise from tho cxistenco of vibrations 
(cnl)e<l fiormcif) in the direction of transmission of the 
luminiferous wave, such as those which produce the 
effects of Sound in air, and which produce certain 
effects on Light at the founding surfaces of two 
media. In the theory of Fresnel, as aUo in those of 
Mocetiliagh and Neumann, this influence is neglected. 

To Green and to M. Cauchy ijclongs the merit of lay- 
ing down a more comprehensive theory. Mr Green** 
theory, published in 1837‘ (not long Wore his death), 

IS tf*i far incomplete that it involves only one constant. 

M. Cauchy’s invcatigations.publishtvl two years latcr,^ 
embrace the phenomena of metallic reflection by the 
introduction of the two constants mentioncil aliovc, 
thus completing the theory of rvflcclion and refrac- 
tion both for transparent and metallic surfaces. 

The fact of tlie unequal rcfrangilulity (dispersion) (559 ) ^ 
of light ha* ever been felt to Iw one of the 
real aa well as prominent ditncultics in admitting 


* Cambridy* Tratua-Hirni, vol. ix. • fi*f>erUiir4 d'OfUiyme Medem*. l*47-fi0. 

* /iandfutk der Optik Bsnil I., 1839- * Tkt I'nduiatory Tkeerf <u QppUtdta lAx Itiepernom o/Idykt. 1941. 

* 8«u Uoifrnn Rep. €t'0ptifu*, p. 1395. 

tiftoo’s * WovmcoVm*. Toi. vil. The followiii.t I'xtrsct from this able piu»r slmwi U>e ind«p«nd^nc* of phvsicsl sMuttip- 

occoant of which chftrscurisfli tbess ulinumslhejunilcsl opiirsl thsorim :— •* . . , W« »r* so perfectly Ignoroni of the mode of action 
his method ^ elements of the lumloiferons ether on each other, that It wnoid seem a safe m«-Uiod to take some ;?eneral phydeal [f] 
‘ prii»eiple M (he baau of oaf roasrining. . . . The principle selected u the basis of the reasoaing ecmiaiiied In thn foltow- 
In;; P^P*' b this t In whatever way the elements of any material system act upon each other, if all the Internal force* exerted 
be nuUiplied by the elements of their mpective directloi^ the total sou for any assigned portion of the mam will slway* be 
Itie exact diffi^Btial of srmse function. Hut this function being known, we can Inmediately apply the general method given in 
the Jflcann^u# dnaftritV^e. and which appears to be more especially applicable to peoblems that relate to the notions of systeiDS 
of an immense number of particles matually acting un each other. Une of the advantages of this method, of great imptmance. 
is, that we are neceaearily led by the mere process of the mlculatioo. and, with little rare on our part, to all the e^tutiuns and 
conditions which are reymuiU snd for the eomplete solution of any problem to which It may be applied.” 

A consideraUoo of the candid adaissions of tho preceding paragmphf 'es|>erial]y the last sentence) will lead the readsr to eee 
h«>w siHKi a Way a theory of so general a kind— the chief charsrteristir of which r-msUte in eluding every troublesome physical 
^ *"words explaining the leiations of Light to Mstter, yet it msy be of as* by indicating the kii»d of soluliona 
a ich more re»tr]cted fay|iothe»la may hr c xpected to give of the laws uf iiheni.tnens. 
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the undutatorr tlieorr. That theorv, in its simple 
form, enables us indeed to explain clearly enough 
the refraction of light owing to a change of Telocity 
in the ware as it passes from one medium to an- 
other; but it assigns no reason why that change of 
Telocity should be different for light of various co- 
lours, in other words, of different wave-lengths. The 
corpuscular theory^ on the other hand, furnishes at 
least a plausible explanation, by assuming a variable 
attraction between refracting media andi the mole- 
cules composing the different rays. 

(fi60.) Wlicn, however, undulationists were pressed on 
on ihe «*• subject, it was easy to see the direction in which 
iilt« du- At least a plausible explanation might be sought. In 
uaeetof tho usual form of equation for vibrations in air, 
th« vibrst- giYen by Lagrange, the integration is effected by as- 
Burning the intervals between the particles evanescent 
eompared with the length of a wave. This is per- 
fectly true in the case of sound, and all sounds ap- 
pear in consequence to travel uniformly. But should 
it fail in the case of light, that is, should the inter- 
vals of the ethereal particles bear some sensible ratio 
to that very small quantity, the length of a wave, 
what would be the result ? M. Cauchy has made 
out, by a very complex analysis, that in this case the 
longer waves will travel most rapidly, and conse- 
quently be least refracted. Several other writers, 
especially Professor Kelland, obtained similar re- 
sults; and Mr Airy, by very simple, though only 
approximate, considerations, showed the dependence 
eff refraction on the length of a wave,' M. Cauchy's 
memoir appeared in 1835 at Prague, in a bulky and 
abstruse form : the mathematical investigations are 
very long and complex, the numerical veriBcations 


scarcely less so.* Tho indices of refraction, observed 
by Fraunhofer, for different lines of the spectrum, in 
different kinds of glass, together with the correspond- 
ing wavo-lcngths for these rays, formed the principal 
data for comparison. But others have since been 
obtained by Rudl>erg and Professor Powell, and care- 
fully compared with M. Cauchy's theory by the lat- 
ter, and the coincidence appears satisfactory.* But 
in estimating tho value of this coincidence, it U to 
V»e observed that of 7 indices of refraction obeervod 
for each substance-, 3 must he used to ascertain tho 
constants m the formula, and only 4 remain to be 
calculated. 

One difficulty, however, remains. If the rays of (Wl.) 
light travel through space with variable velocities, the 
images of the stars would present tails of colour in-ji^tin 
consistent with observation. M. Cauchy eludes tiiis fre« sp^cv. 
difficulty by the following hypothesis respecting ethe- 
real media : — The existence of transversal vibrations 
(according to him^ requires that the law of force be- 
tween particle and particle of ether must not be inter- 
mc<liate between the inverse 2d and inverse 4th power 
of their distance. In the former case the force is an 
attractive, in the second a repulsive one. In the first, 
the velocity of propagation depends on tho length of 
a wave, in tho second it is indejiendent of it. [The 
first case, too, alone will be consistent with perma- 
nent lon^tudinal vibrations.] Consequently if wc 
suppose that in free space the particles of ether are 
arranged in close order, and exert a repulsive force 
on each other, no dispersion results; but in refract- 
ing media, supposing tho dintonoe of the molecules 
increased, and the mutual action attractive, then dis- 
persion occurs.^ 


{ 7. Rjtter. — Chtmieal Ray» of the Sptcirunu — Nirpck; Daouerre; Mr Talbot, Ariof Htlio- 
graphy or Photography — I^uerreotype — — Professor Stokes. Chemical Ray$ ren- 
(Ured tntible—Fluoreicenee, 


(562.) A very curious chapter of the history of Light re- 
mains to be written, respecting tho chemical cncr- 
UghL ffiAs which it is capable of exerting, or which at least are 

found iu those parts ofthesolarrayswhich are dispersed 
by a prism. These are in part luminous oxkI partly 
invisible under ordinary circumstances, the latter pos- 
sessing these cliemical qualities in a still higher degree 
than the others. Though not perhaps very closely 
associated with the optical discussions of the previous 
sections, it seems impossible to separate this part of 
the subject from the rest, since the rays called Che- 
mical may, as wc have reason to think, be reflected, 
refracted, polarized, absorbed, and made to iuterfi're 
like visible light; and farther, because to the extreme 


limit of their sensible action they may, by certain 
treatment, be made risible to the eye. *^0 art of 
photography, though belonging quite as much to che- 
mistry as optics, being a means of inquiry into the 
qualities of the solar radiations invaluable to the 
natural philosopher, cannot byanymeans be excluded 
from a sketch, however general, of the progress of 
physical science. 

J. W, Rittir, Professor of Chemistry at Jena, (563.) 
and well-known for his numerous contributions 
to the earlier progress of voltaic electricity, has 
tho merit of having first clearly pointed out in 1801 
the separate existence of chemical rays in the S|>ec- 
trum which extend beyond tho moat refrangible or 


1 In all tbaae ca«M ih» «zpr«aaian for rrfrangibility <l«p«Dda on tba railo of tbe tine of an arc to tbr arc tUclf; which arc 
again IncIodM tb* ratio of Ar, th« diataoce of the nulcculea to A, tb« length of a wave. W hen Am beooinet very suall, tbe Ant 
ratio becocDM nnlty. 

* A portion of tbea* raaenrchM had, however, been printed in Paris (privately, I believe) In 1830. 

* Powell on the Undnlatory Tbeory. 1H4L * Uolguo, Ac/>rrtetr« p. 128. 

It 
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Tiolct rays (when the sun’s light is decomposed by a 
prisin)^ in the same manner os the inrisible rays of 
heat were found by Sir Wni. Ilerschel to extend be- 
yond the Tisible r^. Schcele had indeed previously 
noticed that the power of the sun's light to decom- 
pose and blacken salts of silver increased rapidly 
from the red towards the violet ray ; and there is little 
doubt that Herschel’s discovery suggested that of 
Ritter, of the independent or non-liiminous rays of 
the spectrum. 

(SG4.) Ritter attributed to these rays a deotidUiny qua- 
the Wollaston, who also made experiments on 

•pQctram. the subject, and discovered the specific action of the 
different rays on gum-gniacum, prudently suggestod 
the more comprehensive term of cAemico/ rays. Va- 
rious other denominations have been propos^, which 
need not be here dwelt upon ; all that can bo said is, 
that deoxidation does not represent the solar action 
completely. Whether it be really an independent 
principle in the sun’s rays which causes these effi>ct8, 
or merely light and its modifications, is, os in the 
corresponding cose of beat, yet luidecidcd. But it 
is remarkable that, as shown by M. E. Bccqucrcl, 
the discontinuity of the luminous spectrum produc- 
ing '* Fraunhofer’s Lines” exists equally for ^e che- 
mical rays. 

(665.) Soon after Ritter’s first experiments, Dr Young 
*^5 proved the Interfcrcnco of the obscure chemical 
i^^rays Tran#., 1803), a conclusion successively 

polsrltvd. claimed since by different physicists. Bemrd in 1812 
showed that these rays are polarized by reflection. 
Scebock observed that the different rays impressed 
different colours upon salts of silver; and M. Edmond 
Bccqucrcl long afterwards showed that the red and 
yellow rays, though incapable of commencing chemical 
action, in some instances have the power of confinu- 
it when once excited by the more refrangible 
rays. 

(666.) In 1835 Mrs Somerville made some interesting 
experiments on the permeability of different bodies 
rE^ti*** chemical rays, similar to those of Mellon! on 

tneDta. the licadng rays (see chap. VT., § 8), and she fouiMl 
great and seemingly capricious variations in this ro- 
spect.' The account of them was addressed to Arago, 
and published in the proceedings of the French Aca- 
demy. She found that green glass, coloured by cop- 
per, intercepted entirely the chemical rays, yet this was 
not due so much to its eohvr as to its other qualities 
(which arc also peculiar as regards radiant heat), for 


the emerald transmits the same rays. Red glass 
stops most of the chemical rays, whilst the garnet 
transmits them. Though white glass has generally 
been considered very transparent for these rays, Mr 
Stokes has shown that it entirely stops those of the 
very AtyAert refrangibility, which are readily trans- 
mitted by quartz. Sir John Herschel and Mr Hunt 
have made many interesting experimenU with coloured 
media on the particular parts of tho chemical spec- 
trum absorbed, but a great deal remains to be done, 
especially as regards tlie nature of the substances 
employed. 

But the great impulse given to this subject was ^^7.) 
derived from the invention or discovery of the beau- 
tiful art of Photoobapht, J,hy. 

In 1802 Mr Thomas Wedgewood and Sir Hum- (568.) 
phrey Davy succeeded in forming pictures of objects 
laid on paper prepared with nitrate of silver, and in Dnvy. 
taking profiles by means of shadows. 

They proposed to obtain similar effects by means of 
the camera obscura, but their paper was not suffi- 
ciently sensitive. The effectual bar to their proceed- 
ings was, however, this : that they could discover no 
means of tho shadows which they had oV 

taine<l, or preventing the whole surface of the paper 
from licing gradually blackened by exposure to light 

In 1814 J. NtczpiioRE Nispcr, a retired proprie- (5€0.) 
tor at Chalons sur Saone,* entered into a similar cn- 
quiry, but by methcMls quite different He employed * ‘**'**‘ 
tho solar dlect upon resinous bodies, and some 
at least of his pictures were executed on plates of 
pewter or of rolled silver. They were mostly copies 
of engravings, and the light parts corresponded to the 
lights of the originals. He, however, at length suc- 
ceeded in fixing impressions of views in the camera 
obscura, thoughin an im|>erfcct manner, and after very 
long exposure. The pictirres thus obtained had this 
in common with more perfect processes, that the lu- 
minous impression was first brought into view by 
a chemical process *ubte>p*^t to exposure in the 
camera. In 1825 Nicephore Niepce be^me associated 
with Daguerre, who had previously been engaged in 
the same research ; they agreed to oommunicate tho 
results of their several experiments. The result, as 
is well known, was the invention of the Daguirrio- 
TYPE, not improperly calbKl after Daguerre, who 
seems really to have worke<l it out almost entirely 
for himself, after the death of Niepce in 1833; 
whilst so patient and detenmned was Daguerre in 


Mrs Mary i Tlia maMen nam« of thU aocoaepUibod lady wu Mary flomerrlUo ; tfa« waa born, 1 beli*r«, «t Jedbnrgh. and marricNj 6rrt Mr 
domrrvm^ Gr«ig, aflarwarda her relatlvo Dr Kcmerrilla. Sba i» known in RrtUah acleoM! not only aa Uie able commentator of lAptara'a Mita- 
-- mnitoe- nt'fU4 but aa tbe author of aome ingrnioua and Apparently cnnTineing exprrimanta on the magnetixing power of the vto/rl 

m actltm ray. Hone aiuimaly, however, rrmaint to be explained on tbU aubjevt. a* tbr mult cannot alwaya be obtained. Several years 
of light [q. before Dr Faraday na<lo bis diacovery of what he tenni the iQ^netlsation of light” (sea chapter ell., $ 6X the writer of 
tbeao pagoe suppoaed that the reaction of light and magnetism, obs«r>ed by Noriehinl and Mrs Romerville, might be doe to a la- 
tent and casual polarisation of the light which was not preaent In all tbs experiments; and. in particular, he suipectsd that circu- 
larly polarised light might have a magnetic inSueoca; but his ez|»eriinents to this effect, in May 1636, were Dot auccMsfol, 
though he thinks them worth repeating. 

* Probably osie of the MM. Niepce who, In the early part of tbe century, are said to have propellsd a boat on ths Sadnshy a 
pecttlittr kind of air-eogiDe, oalled pyreslspkorw. Delrabrs, /tap;>ort 1810, p. 242. 
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keeping hit secret ootil broufrhi to perfection, that 
he did not ercn show his results until early in 1839, 
when the numerous specimens he had to exhibit ri- 
voUcd in delicacy anything that the art has since 
produced,' 

The dague r reo t ype is depicterl in the camera on a 
plate of silver, coated with an evonesocnt film of 
iodide, by exposure for a short time to the vapour of 
iodine. After the light has acted, and the plate has 
been withdrawn from the camera, no trace of a pie> 
ture is visible until it has been ox|>osod to the vapour 
of mercury, which, by its peculiar action on the places 
where light has act^, produces a correct picture of 
the object (or porUivt image, as it is called, light an- 
swering to light). It is then as it is called, by a 
bath of dissolve hypo-sulphite of soda, which has 
the property of removing the iodide of silver wherever 
the light has not acted. This singular and elaborate 
process has since beea but slightly modified by vari- 
ous plana for reudering the iodide more exquisitely 
sensitive. To M. Niepce belongs the credit (1) of 
having fixed an impression of light, (2) of using 
metal plates, (3) of forming a picture by means of a 
camera obscura; to Daguerre, on the other hand, 
the novel and ingenious use of vapours instead of 
washes, and the whole succession of operations in 
the daguerreotype. When the French government 
acquired for the public (the French public, however, 
only) a right property in the inveotion, they 
marked their sense of the share of merit of the in- 
ventors, by awarding to Daguerre 6000, to M. 1. 
Niepce 4000 francs per annum. 

Mr W'. U. Fox Taloot, a IViltshire gentleman 
of great ingenuity and perseverance, and well ac- 
quainted with math^aties and physics, applied him- 
self in 1834 to the problem of fixtng shadows, in 
entire ignorance of what Wedgewood and Davy had 
attempted. He used paper washed with the nitrate 
of silver, and soon succeed in obtaining impressions 
of lace and leaves of plants, but without jixing the 
shadows. This great stop he, however, made a 
year or two later : a wash of iodide of potassium, 
or of common brine, was found to dTcct it. The 
announcement of his success and of his methods 
was called forth early in 1839* by the first reports of 
Daguerre’s discovery. His method then consisted in 
dipping writing paper alternately in nitrate of silver 
and common salt, drying between the operations, 
and afterwards fixing the image. An unnatural or 
picture was thus obtidned, the lights of na- 


ture being darkened on the paper, and tice versa ; 
but the truth was restored by pressing the drawing 
thus obtained against a second prepared sheet of 
paper, and exposing it to light, when the natural 
lights and shades were of course obtained. This 
derived impression is called a porittW This process 
has evidently several advantages over Daguerre’s 
such as, that paper is used instead of metal plates ; 
and that from a single impression (negative from 
nature) copies may bo at leisure indefinitely multi- 
plied. Pictures were thus obtained by Mr Talbot 
with the camera obscure. 

Mr Talbot's chief improvement on his first mo- (S7s.) 
thod he called the Colotype (1841), and consisted in rrogrw. 
washing the paper sueccssircly with nitrate of silver, 
iodide of potassium,* and gallo-nitrate of silver. It 
is then exposed in the camera, hut no imprssston 
appeart until agmn washed with the gallo-nitrate of 
silver. It is then fixed with bromide of potassium, or 
with hypo-sulphite of soda, as in Daguerre's process. 

By a subsequent invention, Mr Talbot has obtained (073.) 
what ho justly calls on inifantaarota process.* An I>wunu- 
image was formed in a camera of a revolving wheel, 1^ 
to which was affixed a printed bill ; the room being 
darkened, and the wheel made to revolve with the 
speod of 200 revolutions in a second, and being then 
illuminated by an electric spark, a legible impression 
of the printing was obtmned. We doubt if, in the 
whole history of physics, a more astomsliing result 
is recorded. Thus Mr Fox Talbot, by bis rare energy’, 
brought his inventions almost to |)crfectioa. Nume- 
rous competitors, of course, appeared on the field, and 
obtaitted many interesting results. The only one of 
much importance to the art of photography is the 
substitution of a film of iodixed collodion on a gloss 
plate, for the prepared paper in the first or negative 
process. 

The daguerreotype and calotype processes, though (474.) 
seemingly so diflerent, have mu^ in common : — (1) 
a sensitive surface has to be prepared (iodide of silver 
is the basis in both) ; (2) it is exposed in the camera ; 

(3) the picture (still invisible) is developed ; (4) it is 
/jssd. in the calotype the printing process fur ob- 
taining pojrihW must be add^ to these. 

The ^emical theory is very far behind the art of (574 ) 
photography. The most important steps of these ^***™^*^ 
curious and complicated processes have been ®t- 
tained by a kind of divination after a multitude uP 
failures. The salts of silver are of a highly de- 
composable nature, the iodides and bromides pccu- 


^ 11m prtNBt writer had tbe bsoefit of Msiog Dagnerre's marveUoos prodoctione, and making bii eeqaalDtaAce at PnrU, 
throogb tbe oonrtaey of M. Arago, while the eeeret wu etill praecrved, and tbe public iotereet waa excited to the hlgbeet pitefa. 
Aboat tbe mue tine be law If. Isidore Niepce, too of the fint pbotagrapber, end tbe epecitBeoe Id hit bande, m wellee tbM to 
tbe poeeeeekm of Mr Itauer of Kew, with whom they hed bren left by U. Nicepbore Niepce, wbea he visited Snglaod ia 1837 
aad exhibited them at tbe Royal Society. Oae of tbe Utter was re^rovrd oa e pUtc reeembling pewter. 

* CoaaankaUd to the Royal Society of Loodoo, 3lst Janaary, and printed in tbe rhilo*opkitai Jfoparfns for March. 

* Mr Talbot says (Pkil. Jiaf., March 1839. p. S03) that Sir U. Davy bad recommended iodide o^ silver as a sensitive subetaacs ; 
but ia bis earlier experiments he bed found it the cootrary. But now, like Daguerre, be requires no immediate vislUe aetiou 
of light, but d«e«^sy»w it by a subeequent reactlocL. 

* Tbe process b dsecrib^ la timu't Ressarekes o* LifU, 2d edit., p. 140. 
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liarlj so. Thoaction of light appears to be to 
the metallic silver, at least partially, an operation 
which is oompleted in the daguerreotype proocea ap- 
parently by the aibni^ of the mercui^ vapour for 
iodine and for oxygen.' 

(576.) If anything were wanting to show the impoasibility 
laporun«o of separating the scientific arts from the history of 
tottrtpHle* ita«If, it would be the case before us. The 

ftr!. ^ art of photography is fiir in advance of the theory, 
yet it constitutes in itself the greater part of what 
we know in a highly interesting branch of Natural 
Philosophy — the chemical agency of the spectrum. 
The Buiifaoes of Talbot and Daguerre are the philo- 
sophical tools by which farther discoveries can alone 
be made. 

(577.) So intimately connected with the discovery of the 
(’hiinic*! Chemical Kays of the spectrum, is that of revealing 
their existence (at least the existence of rays of the 
tibi*. s|)cctrum equally refrangible with those possessing 
chemical properties) to (ho sense of sight, that we may 
conveniently include in this section a very brief no- 
tice of Professor Stokes' remarkable experiments. 

(678.) Mr Geokoe Gabriel Stokes, a fellow of Pembroke 
College, Cambridge, and senior wrangler in 1841, 
at present holds the distinguished position of Luca- 
sian Professor of Mathematics. It is almost need- 
less, tliercfore, to state that his mathematical talents 
arc generally acknowledged, and that he has dis- 
played them by a ready application to many difficult 
problems in optics and mechanics which had not pre- 
viously been accomplished. I may refer, however, to 
the integration of complex differential equations oc- 
curring in the theory of the flexure of solids (see art. 
S64), and in that of the rainbow (466), and in hia 
elaborate investigation of certain coses of the friction 
of fluids (416). But it is more to our present pur- 
pose to observe that he combines this profound and 
technical command of analysis with singular skill in 
the experimental department of optics ; — not merely 
in investigations closely connected with the wave 
theory, and expressible by mathematical fonnuloe,' 
but in tliose which depend on the judicious question- 
ing of nature by critical experiments not necessarily 
quantitative ; — such, in short, as Newton discusses 
in his Qyt%c$s and indeed since Newton himself occu- 
pie<l the Lucasian chair, there have been perhaps 
few philosophers who have shown so remarkable an 
aptitude fur ^ih kinds of research. 

(G79.) in 1852 l^^fessor Stokes announced that the rc- 
Biiowi ihat frangibility of light, which has hitherto been cousi- 
dereii its most inherent and invariable quality, may 
itKbt m*y in some circumstances be altered. The fundamental 
becbuigod. experiment is this A beam of solar light is caused 


to form a pure and highly dispersed spectrum by naores- 
passing through two or three prisms in suoeession,®*''^* 
associated with a lens. The s{>octrum is made to 
fall on a glass vessel containing a solution of sul- 
phate of quinine (a colourless fluid). Whilst the red, 
orange, and inde^ the greater part of the luminous 
spectrum, pass through as if the fluid had been merely 
water, from about the middle of the violet ** the 
path of the rays is marked within the fluid by a sky- 
blue light, which emanates in all directions from the 
fluid, 08 if it (the medium) had been self-luminous.'’ 

This appearance extends for beyond the visible violet, 
the presence of the invisible rays (called chemical) 
becoming disclosed by the reaction of the quinine ; 
and the dark bands, both of the visible and the 
(usually) invisible spectrum, are marked by obscure 
}*lan/s traversing the mass of difi^use light. When 
the light thus emanating from the interior of the 
quinine is examined by a prism, it is found to con- 
sist of rays of various colours and rcfraiigibilitice 
corresponding to those of the ordinary spectrum ; 
from which Mr Stokes concludes that, since only vio- 
let rays and the invisible rays beyond them could have 
furnished or excited this emanation, the rays of light 
themselves have been transformed into others, with a 
lower degree of refrangibility, and possessing the cor- 
responding optical properties. In conformity with 
this explanation, Professor Stokes has considered and 
accounted for a number of curious phenomena d^ 
scribed by Sir DaWd Brewster and by Sir John Her- 
schcl ; called by the former “ internal dispersion,’* 
by the latter ** epipolic dispersion,’* all of which, so 
far as they involve anything peculiar, may be reduced 
to the general principle that certain bodies by their 
action on light have the power of lowtrinff the re/rau^ 
ffibiiity of the rays incident upon them, whether be- 
longing to the visible or invisible spectrum — that is, 
of emitting rays of a lower, while under the excite- 
ment of rays of a higher refrangibility. Hence 
the phenomenon has been termed the ** degradation’* 
of light Mr Stokes has also called it **/luores~ 
cener,'* a word involving no hypothesis, being derived 
from the characteristic action of a certain kind of 
fluor-spar described by Sir David Brewster. 

Many substances, solid and fluid, arc found to pos- (580.) 
sess these qualities.* Amongst others, and in the 
higliest degree, glass coloured yellow by oxide 
uranium, called in commerce eonaf^ and solu-pert.v. 
tions of hors^chestnut bark. 

By using sources of light richer than sunlight in (Ml.) 
the highly refrangible rays ; by also using quartz for •^*®**'^* 
the prisms instead of glass (which has the power 
of absorbing these to a considerable extent)— Pro- elwtrie 

light 


1 I in*j ntftfr to m fhort b«t cImp p«p«r oa lh« theory and practice of photography by th« Kot. W. T. Ktng»l*y. In the 
^ th« Piwtityrnpkif. voL 1., August 1853. ilr king»t«y U oa* of (bo DHMt wleiitiEc and praedcai improvrr* of the art. 

* Thia be baa alao done in a b««uUful pajMr on tfa« offacl of polariaalkm io modifying (be pbenocoeoa of diffraction CcraS. 
Tmn§ , vo!. it. 

* The greater pert of tb«*« had b#*n d*t*ct*d by Sir D. Brewtter, with hU eaual aratcnaiu and perMTorance, In the court* of 
bit retcarche* on •• iournal diapenloo.'* The oolooriog matter of green Jeavrt It one of the aott remarkable. 
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<MKir Stokes has obtained a result trnlj astonishing. 
In the case of the light derired from a Toltaio arc, 
produced the battery of the Royal Institution 
with mslallio poles, the risible spectrum formed upon 
uranium.glass extended no less than sis or eight tirmi 
the length of the ordinary spectrum. If, by way of 
contrast, a porcelain tablet be used as a screen, the 
spectrum tenninatss at the usual point.' 


(set.) [I hare already (art. 471) eiprsssod my regret 
Mr WbMt- tjuit ihj linuta of thu Essay prerent me from derot- 
*’ * section to the physiological part of Optics j 

Stereo. but 1 cannot close the chapter without at least 

toop«. 


namiDg Mr Wheatstone's beantifol indention of (As 
Ster 0 O$cop«t as hj far the most interesting oontribu* 
tion recently made to the theory of Tision, regarded 
in a point of riew not strictly anatomical. Although 
31r Wheatstone's paper was published in the Philo^ 
$ophieal Tramaetions for 1638, and the Stereoscope 
became at that time known to men of science, it by 
DO means attracted, for a good many years, the at- 
tention which it deserves. It is only since it reooirod 
a convenient alteration of form (duo, I believe, to Sir 
David Brewster), by the substitution of lenses for 
mirrors, that it has become the popular instrument 
which we now see it, but it is not more suggestive 
than it always was of the wonderful adaptations of 
the sense of sight.] 


CHAPTER VI. 

HEAT, INCLUDING SOME TOPICS OF CHEMICAL PHILOSOPHY. 

S 1. Black . — Latent and Specific lieaL — Irvine. — Hutton . — Doctrines of Heat applied to some 

Natural Phenomena. 


Ih>wn to the close of the 18th century, the scionco 
* of Heat was studied and advanced mainly by cho- 
tfa* 18 th mists, and it was in all respects treated as a branch 
conttar; m ©f Qhemistry ; a position of which wc still find traces 
JJf ^ introduction of the doctrines of heat (even of 

tty. radiant heat) into most of our approved tresses on 
Chemistry. This circumstance brings us, in this 
chapter, into close contact with the most illustrious 
chemical names of the second half of the last century 
nod of the first years of the present. Such were 
Black, Cavendish, Lavoisier, and Dalton. Of the last 
and two first it may be doubted whether they were not 
as prominent discoverers in Physics as in Chemistry. 
Davy occupies a similar position. It was not, in- 
deed, until the 19th century had made some pro- 
greas that Chemistry assumed a strongly distinctive 
position of its own, and began to attain that Urge 
development and complex character of detail which 
render it a scicooo now hardly accessible to those 
who do not devote to it ihetr almost undivided at* 
tention. In the days of Black and Cavendish it was 
otherwise ; and in the first section of the present 
chapter I shall attempt to give an outline of the 
characters of the very remarkable men who then 
advanced simultaneously the doctrines of Physics 
and Chemistry ; referring, of course, chiefly to the 
former, but not entirely to the exclusion of the lat- 
ter portion of their researches, particularly with 
resp^ to the atomic and gaseous theories of Dal- 
ton, which have a strongly physical aspect. I have 


elsewhere noticed the barrenness of the greater part 
of the 18th century in contributions to the experi- 
mental sciences ; the temptation is therefore the 
greater to dwell a little even on the personal history 
of men so celebrated and influential as Black, Caven- 
dish, and Dalton. 

Joseph Black was bom at or near Bordeaux in (589 ) 
France, in 1728. His biography, little eventful 
almost exclusively academic, has been recorded in ui a clw- 
some detail by his companions and friends AdammUc. 
Ferguson and John Robison (the former of whom 
was a rdation), in the preface to the posthumous 
publication of his Lectures on Chemistry. It is suffi- 
cient for me to state that ho entered the University 
of Glasgow os a stu(Unt in 1746. Being destined 
for the medical profession, he removed in 1760 or 
1761 to Edinburgh, where be benefited especially 
by tho lectures of CuUcn, a most eminent physician, 
and tho author of a bcautiRd experiment on the cold 
prodocod dorii^ evaporation. Before Black gradu- 
ated (in 1764) he had entered upon a course of chemi- 
cal experiments connected with the causticity of many 
earthy bodies, which ended in his first (and perhaps 
most famous) discovery of the existence of fix^ air or 
carbonic acid gas as an essential constituent of marble 
and other solids, together with a train of important 
consequences. Few inaugural dissertations have been 
so interesting to science as that on Magnesia, printed at 
Edinburghin 1764, which contained these results. But 
on this purely chemical question we will not enlarge. 


1 Oo Ur Stokw's sipsiiiBcaW, sm Fkil. IVam., 1852-93 ; wd Proceedings of the Royal loeliUtioa. 
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(584.) The discoTorica of Black with which we ore chieflj 
concerned are those of latent and Bpedfic heat. 
Uteat a»d The former, at least, is Black’s sole and exclnsire 
•pacific property. ^Mien we look bock to the state of the 
science of heat in the first half of the 10 th century, 
we ore surprised at the exc«Mlinjf slowness of its pro- 
gress. The thermometer hod been impoved by the 
use of the freezing and boiling temperatures of water 
for its fixed points, and the adoption of mercury in 
its construction by Fahrenheit ; the correspondence 
of its scale with true increments of beat had been 
tested, though imperfectly, by Brooke Taylor ; and 
I>r Martina of St Andrews had published an ingen- 
ious work (the beet of its period) on the expansion of 
different liquids, and on some kindred subjects; but in 
general no great step was made until Black, in 1757, 
or previously, ‘ concluded that during the melting of 
snow or ice, a great quantity of heat enters into the 
body without affecting the thermometer in au appre- 
ciable degree. The heat therefore spends itself or is 
aluorbcxl in effecting liquefaction. Black called it 
I^wnt lat4mt (as opposed to heat. He was led to 

discovery by the very simple observation of the 
■neltiBg extreme slowness with which ice is melted by the 
ic«. application of an amount of heat which would have 
raised the tempomture of water to an enormous ex- 
tent ; the thermometer plunged in the thawing ice 
remaining stationary until it is entirely reduced to 
water. When that occurs, heating immediately com- 
mences according to the usual laws. One of Bladt’s 
original experiments clearly illustrates his mode of 
procedure. He suspended equal weights of ice at 
32^, and of water as near as might be at the same 
temperature, in two thin glass veasels 18 inches 
apart, in a epodous room having a temperature of 
4T*. The vessel containing water rose T in tem- 
perature in half an hour, but the equal weight of ice 
had not wholly melted, nor had its temperatiire even 
slightly increwod until 21 half hours had elapsed. 
W'heneo Black concluded (approximately) that os 
much heat is requisite merely to thaw ice as would 
Ruso an equal weight of water through 7 x 21 or 
ItismBuat. 147 ® • a result almost oonrect, although the experi- 
ment in this form is manifestly not unexeeptionable. 
The coDverie process of freexiog shows bow prolonged 
must be the applicatioo of cold to discharge water at 
32^ of its latent heat, or heat of liquefisetioD, and to 
convert it into ice. 

Ciu^^ Nothing is more admirable in these results than 
quMcc*. ^hey throw upon certain natural processes. 

Were instant lique&ction the result of the smallest 
application of heat to snow at 32°, we should many 
times a year be the victims of uncontrollable floods ; 
and did water instantly become ice on its tempera- 
ture reaching the freexing point, our lakes and rivers 
would be rapidly consolidated to the very bottom on 


occasion of every frost, and animal life would be im- 
possible. 

The analogy of the gnulual formation of steam in (Sfifi.) 
boiling, to the grradual liqoefactioa of ioe, was so 
evident as to lead Black to oooclude, without any^***°^ 
special experiment, that a great deal of heat becomes 
iatent during tfas conversion of liquids into vaponr. 

It appears to have been in 1762 that he attempted 
to determine roughly the amount, by a method simi- 
lar to that just described for the beat of liquefaction. 

He compart the time required under the action of a 
uniform source of heat to raise the temperature of a 
certain quantity of water from 60° to the boiling 
point, with that rsquirod to boil it away; and in- 
ferring that heot was continually combining with the 
water at the same rate, he estiroatod the latent heat, 
or heat of vapour, to be as great as would have raised 
the temperature of the water had that been possible 
by81(}^ This was in October 1762;* about two 
years later his pupil, Irvine, made experiments under 
his direction with a still and refrigeratory, by which of 
he estimated the heat given out by steam during its irylos sad 
reconversion into water. Mr Watt prosecuted the"^“* 
same inquiry soon after.* How happily Mr Watt 
applied the doctrine of latent heat thus brought ex- 
perimentally under his notice, to the improvement 
of the steam-engine, has been already recorded. 

One thing strikes us very much on a review of ^ 
these discoveries of Black ; it is the great interval Th«M Uw» 
which separates the clear perception of a fact from »'ngui*riy 
the explanation of it; or, in other words, from the^^J^***** 
clear expression of the more general fact which cm- 
braces it, although when once given, the explanation 
may seem to be almost expressed in the very enun- 
ciation of the fact. Nearly a century before Black, 
the lynx-eyed Hooke had noticed that water during 
the process of oongelation remained unaltered in tem- 
perature, and that the same takes place when it boils, 
and this observation had been numberless times veri- 
fied in ascertaining the fixed points of thermometer^ ; 
yet no one before Dr Black had even guessed that 
the heat which enters mto ice during liquefaction, and 
into water during vaporization, remained as it were 
a constituent of the water and the steam thus formed, 
and could at any time be recovered by a coDveiM 
process. Numb^less instances occur in the history 
of scienoe in which it requires the utmost attention 
to appreciate the importimce and difficulty of draw- 
ing such seemingly obvions conclnsions. 

The other great discovery of Black, Spocifio ( 599 .) 
Heat, wu in like manner a correct interpretation of Specific 
a fact already known. Boerbaave and Fahrenheit 
had found that when quieksilver and water were 
mixed together, their temperatores being difierent, the 
heat of the mixture was not, as might have been ex- 
pected, the average of that of its ingredients, whether 


1 Oa Ui« Mithorlty of » I*U«r from Block to tVoU ; wt BUck’i Lectwrw. * Bloek’t Lectors*, i«, 168. 

* Ibid., 171-173. lo tbw* eoriy «xp*rlD«Bto the lateok best of •toon wm o good deal oadarroud. 
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the Tolamet or the weiftbts of those ingredients were 
equal. ** QoickstlTer, whether it were applied hot 
to cold water or cold to hot water, never produced 
more effect in heating or cooling an equal measure of 
the water than would have been produced by water 
equally hot or cold with the quicksilver, and only 
two-thLrds of its bulk.** Of course, when equal 
weights were used, the inequality of effect was still 
more striking, for, from the great density of quick* 
silver, it required no less than 30 times the weight of 
the water mixed with it in order that it should con- 
tribute in an equal degree to the production of a 
mean tempoature. Strange to say, the interpreta- 
tion of this important experiment remained to be 
made by Dr Bla^ after half a centory. He taught 
that temperature is an effect of heat, which is neither 
the same in all bodies nor in the same body under 
diffning ctreumstanoes ; that the snperior effect of 
the water to the mercury in determining the tempe- 
ratnre of the mixture was caused by the fact, that it 
is the nature of quicksilver to require a smaller 
amount of heat to raise its temperature through 
one degree than an equal volume or weight of 
water would require under like conditions. Black 
made many ex|>enment8 to satisfy himself of the 
constancy of this property in Mice ; and with the 
assistance of Irvine,^ prol^bly n.^oortaioed its nume- 
rical value (the amount of heat m cessary to raise an 
unit of mass of water through one degree of tempe- 
rature being tho standard) in different eases ; but he 
left the subject chiedy in the hands of that observer 
az»d of Watt. The former gave the name of co- 
P<tcity for Aeot to this property, which was after- 
wards more happily termed $p^Jie ktat by Gadolin, 
who maile many experiments on the subject, as did 
also Cavendish and Adair Crawford whose theory 
of animal heat, published in 1778, turns entirely on 
this property of bodies. 

(S89.) Irvine hi^ the merit, sneh as it was, of proposing 
a theory on which his term capacity fttr heat was 
ofpnncipally founded, which occasioned for many years 
bodies for after, although now comparatively forgotten, much 
best. discussion. Ue assumed that the changes in the 
temperature of bodies, whether by alteration of 
their mechanical condition or by chemical combina- 
tion, were due to a change in the capacity for heat of 
the substance or the mixture. He aI><o assumed that 
the total amount of heat contained in a body is pro- 
portional to tho amount of heat necessary to raise its 
temperatnre through one degree (for example, a 
pound of mercury contains altogether one-thirtieth 
port of the entire heat contained in a pound of water). 
From these principles he deduced the temperature of 
absolute xero or privation of heat as follows When 
sulphuric acid and water are mixed together, the tem- 
peratnro rises. This rise, according to him, is caused 
hy tho capacity for heat of the mixture Iwing less 


than the average due to its ingredients. He has, there- 
fore, got the ratio of the whole heat in tho bodies 
before mixture and after mixture. He has also got 
the number of d^roes of temperature corresponding 
to this difference. Having the ratio of these quan- 
tities, and also their difference, the quantities them- 
selves, or the whole amount of heat expressed in de- 
grees of temperature before and ofrer mixture, become 
known, and the temperature of abeolute privation of 
heat is also known. Uo applied the same reasoning, 
with great ingenuity, to explsun the latent heat of li- 
quids and vaponrt, which he ascribed to their increasing 
capacities. He thence deduced other values for the 
ab^lute sero ; but whereas all these determinations 
ought to have agreed, at least approximately, they 
were found by later experimenters, espocialiy by lii^ 

Toisier and Dalton, to di^r so widely— even by se- 
veral thousand degrees— that, since the time of the 
latter, this ingenious theory has been nearly aban- 
doned, at least os far as the search after the sero is 
concerned ; although undoubtedly change in tho spo- 
cific heat of bodies is often an important element in 
(ktermining their tomperatnre. 

To return to Dr Black. From 17&6 to 1766 he (590.) 
filled the chair of Chemis^ and Medicine at Glas- 
gow, where he also praefis^ as a physician. In hUcbsrsc- 
1766 he left Glasgow for Edinburgh, to succeed Dr t«r. 
Cullen as Professor of Chemistry— a position which 
be held, with great credit to himself and with benefit 
to the University, till his death in 1789. His health, 
during the greater part of that time, was feeble, owing 
to a pulmonary afi^ion, which often interrupted his 
lectures, and, it is stated, prevented him from engag- 
ing in severe study without immediate injury. Though 
he pnblishod one or two papers during these thirty 
years, they were of comparatively trifling importanee. 

His influence on sdence was chiefly exerted through 
the medium of his pupils and of bis intercourse with 
general society. His lectures are described by thoee 
who had the good fortune to bear them as inimitable 
of tbeir kind — grave, dignified, and so interesting os 
to rivet the attention. ** Perfect elegance as well os 
repose was the phrase by which every hearer and 
spectator naturally, and as if by common consent, de- 
scribed the whole delivery.'** It is probable, sdso, 
that in his private intercourse with his pupils, he in- 
spired them with that love of research which distio- 
gu)shc<l his own early days, and his taste for neat and 
aecurate experiment could hardly foil of being imported 
to a certain extent. Yet we maybe permitted to regret 
that his constitutional indolence, almost apathy, had 
perhaps as great a share as bed health in the inter- 
ruption of his career of discovery. Even when quite 
a young man, his most interesting conclusions were 
so gradually evolved, that ho himself had difficulty 
aflerwards in fixing their date ; and some of them 
were delayed even for yean, until ho found time to 


^ air J. LmIU !»■, I thlak iaadvertaBUy, given ib« cradit of tha dmomry of •paciftc bant (o Dr Irrina. 
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nuike the roquisite experiments. So cool a tempera- 
ment was not likclr to grow irarmer as age adranced. 
Almost 05 indifferent to the lionours of discovery as 
his stoical contemporary Cavendish, unlike him he 
enjoyed in a high <lcgrcc intercourse with the conge- 
nial society which Edinburgh at that time aifordod. 
Ho loved to converse infinitely Itctter than to write; 
especially when he could converse intimately with 
such men as Adam Smith, David Hume, Adam Fer- 
guson, Principal Robertson, Dr John Robison, John 
Home, Clerk of Eldin, and Dr James Hutton. 
liuTTOK was perhaps Black’s dearest friend, and 
— nisck^** may bo mentioned here (episodically) as no ordinary 
intiiMte thinker in Natural Philosophy, as well as in Geology 
friend— and Metaphysics, Besides the ** theory of the Eartli,’* 

which, after va- 

v*p»ttr. rious transmutations in name and form, is now by 
far the most widely prevalent, his theory of Rain 
was an ingenious and important speculation. Other 
branches of Meteorology also claimed his attention, 
particularly, as might have been expected, those 
which are connected with the temperature of the 
earth. He was one of the first who drew conclu- 
sions from the temperature of springs, with regard to 
change of climate due either to iucreased latitude or 
to increased height above the sea. His hygrometer, 
in which the dampness of the air was estimated 
hy the coolness due to evaporation, was unquestion- 
ably the first suggestion of a method now in general 
use. His ideas on the constitution of matter were 
bold and ingenious, though not on all points tenable. 
They resembled those of Boscovich, though inde- 
pendent of them. He published a voluminous trea- 
tise on several subjects in Natural Philosophy, and 
a still more formidable one on the Principles of 
Knowledge, neither of which attracted much at- 
tention at the time, and hare been long forgotten ; 
yet it is not unlikely that some of his speculations 
in metaphysics might be worth the labour of re- 


examination. His friend and commentator, Playfair, 

(whose style was as remarkable for perspicuity os Dr 
Hutton's was the contrary) has drawn the following 
lively contrast between the characters of Hutton and 
Black, which may properly conclude this notice 
** Ardour and even enthusiasm in the pursuit of ContrMt 
science, groat rapidity of thought, and much anima- 
tion distinguished Dr Hutton on all occasions. 

Groat caution in his reasonings, and a coolness of 
head which even approached to indifference, were 
characteristic of Dr Black. On attending to their 
conversation, and the way in which they treated any 
question of sdenoe and philosophy, one would say 
that Dr Black dreaded nothing so much as error, 
and that Dr Hutton dreaded nothing so much os ig- 
norance; that the one was always afraid of going 
beyond the truth, and the other of not reaching it 
The curiosity of the latter washy much the more easily 
awakened, and its impulse most powerful and imperi- 
ous. With the former, it was a desire whicli he could 
suspend andlay asleep foratime; with the other, it was 
an appetite that might be satisfied for a moment, but 

was soon to be quickly renewed Each 

had something to give which the other was in want 
of. Dr Black derived great amusement from the vi- 
vacity of his friend, the sallies of his wit, the glow 
and original turn of his expression ; and that calm- 
ness and serenity of mind which, even in a man of 
genius, may border on languor and monotony, re- 
ceived a pleasing impulse hy sympathy with more 
powerful emotions.”^ 

Block died on the 6th December 1799.* His death, (692.) 
as recorded by his kmsman, Adam FergusonJ was BU«k’» 
one of the most touching on record. It succeeded his 
customary state of health by an interval inappre- 
ciably short, and, as appeared by the accompanying 
cirouiDstaoces, without the slightest physical emotion. 

The philosophic composure of his whole life was mir- 
rored in the serenity of its close. 


J 2. CAVEKDisn.* — His Singular Character and Attainments — Eminent Chemical Discoveries — 
Observations on Heat and on other Branches of PAysics— L avoisier — The Caloritneter-^ 
Theory of Combustion and of Oxidoixon^ 


Cuvier has justly remarked, in his biography of 
(S9S.) Cavendish, that ho had to struggle in his scientific 
CftT*odi»fa. gareef against obstacles much more rarely encoun- 
tered, and perhaps less easily overcome, than those 


which beset the progress of genius cramped by poverty 
and n<^Iect. Cavendish was the descendant of one 
of England's noblest families, and he was likewise 
the possessor of enormous wealth ; yet neither 


* Plsjrfslr'i Bio^phlcal Account of Dr James Iluitoo. Worka. vol. iv. 

* Moirbead** Cvrrup«n<ltn«t «/ Janai Wau. Introd., p. xxii. * Prafaca to Black '■ Lutwrt*, by Robitoa, p. Ixxlv. 

* I ind an apology almost aecaaaary for iDtrodaciag at aoma length tha biography of CarandUb Into a chapter profemadly oq 

hit poaltive diacovcrlee connected with which were Icaa notable than in eorae olbar departnenU. But bMtdea that hie poei* 
tion in the ftrat rank of chemlalJ naturally liMlicataa bii plica to be between Black and Dalton. I felt a wish to bring out tha 
rtUaf of tha striking intellectual eharactarUtici of thoee threa ramarkabla mao. by placing tbam la juxiapoaltlon. 1 may add 
that thcaa three sactions were the earliest written of this Dimartation, at a tlma whan 1 had bo|>ed to interweave into its compo* 
sitiun more of the purely biographical character of each period of acientlllc hUtory than 1 found It afterwards practicable la all 
tnsuneca to carry out. 1 trout, however, that it may be found a not unweloome variety amidst the abetrueer detalle of edenea. 
In the cae« of Cavendish, too, en various are his claims on our notioe, that it was inevitalde to recur to tbam in different chai^ 
tars, sepeclally in those on Aatrocumiy and Electricity. It was not, therefora, really maurlal under which bead the more strlcUy 
personal details wore given to which I have alluded. 
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theae powerful teniptationt could withdraw him even 
for an hour from the course of study which he ha<l 
marked out ; and which constituted for him at once 
labour and relaxation, the end of living, and almost 
life itself. 

(594.) The Honourable Henry Cavendish, son of Ix>rd 
liU Mr. Charles and liody Anne Cavendish, was bom at Nice, 
** ' tk-tober 10, 1731.* He entered St Peter's College, 
Cambridge, 24th November 1749, where he resided 
during the usual terms for above three years, when 
he ought naturally to have graduated, which, how- 
ever, he never did. That he had pursued at least 
his mathematical studies with ability and success is, 
however, nearly certain from the firm hold which ho 
ever after retained of them. He joined the Royal 
Society of London in 1730, and published his first 
paper in their Transactions in 1766. From the time 
of his leaving Cambridge for some years his personal 
history is not known, though he probably resided in 
London. 

(595.) The subsequent history of Cavendish is the history 
nu woo- of bis studies and his discoveries. The latter were 
d«rfui published in concise memoirs, written with scrupulous 

rmnn of • i >, i - , ■ m 

scivntific precision, and all printed m the ^lulosophical Trans- 
knowledge, actions. If collect^ (which they have not been) they 
would fill but an insignificant volume, yet include all 
the requisites to establish a first-rate reputation. HU 
studies no doubt were enormous, for they occupied 
every disposable moment of a life prolonged almost 
to fourscore. They may be guessed at (in addition 
to the published results) from his manusciipt remains, 
a few of which have been edited recently, but the 
larger part remains in mnnu.Acript in the possession of 
his heirs. Few if any branches of exact science were 
unfemiliar to Mm ; and his published papers include 
astronomy, mechanics, electricity, heat, chemistry, 
and met4M)rologj, besides which he cultivated mathe- 
matics and geology. His reputation is one of those 
which may be called in a pccaliar sense European or 
univeraal, because it marked a great epoch in science 
to which the publication of his writings materially 
contributed. That epoch was when chemistry 
came a science of weight ami measure. Cavendish 
was a wei^cr and measurer almost by nature, and 
entirely so by habit. It appears from his note-books 
that he took the most scrupulous pains to ascertain 
and record the quantities of the ingredients employed 
in every experiment, even though they might be im- 
material to the result; and his whole life was metho- 
dical in the same proportion. The immense impor- 
tance of Cavendish's labours to tlie progress of science 
in his day is found in the unanimous testimony of 
his contemporaries; and notwithstanding the extreme 
retirement in which ho lived, and the rarity of his 
appearances as an author, he was generally regarded 
as perhaps the lecuiing man of science in England of 


his day; and his good opinion wa.s considered by con- 
temporary philosophers as their highest praise. Sir 
Humphry Davy’s opinion of him (recovered and 
published by Dr Davy from a manuscript lecture) 
represents that of such of his countrymen as were 
qualified to form one, and the writer of it was 
usually fastidious in his judgments of others: — **]t 
may be said of Mr Cavendish, what can perhaps hardly 
bo said of any other person, that whatever he has 
done has been perfect at the moment of its produc- 
tion. His processes were all of a finished nature. 

Executed by the hand of a master, they required no 
correction ; and though many of them were per- 
formed in the very infancy of chemical philosophy, 
yet their accuracy and their beauty have remained 
amidst the progress of discovery, and their merits have 
been illustrated by discussion, and exalted by time.” 

After this eulogium of so competent a judge, I (590.) 
shall be satisfied by a simple enumeration of Uiose 
chemical discoveries which were Uie most splendid 
results of his career, but which hardly come within duh. 
the immediate scope of this dissertation. To him we 
are mainly or entirely indebted for the knowledge of 
hydrogen as a distinct elastic fluid or gas ; of the 
exact constitution of the atmosphere, and the won- 
derful constancy of its ingredients ; of the composi- 
tion of nitric acid; and finally, according to the 
opinion of most persons (at least till lately), of 
the noD-elcmcntary nature of water, and of its 
precise constituents. This last and crowning dis- 
covery has indeed been contested, and made the sub- 
ject of a prolonged and bitter scientific controversy, 
which hardly could be said to exist until the con- 
temporary generation who witnessed the facts, and 
also the succeeding one, had passed away. For Caven- 
dish received until his death, and for nearly thirty 
years afler, the unquestioned tribute of at least the 
primary merit in so great a step in science. The 
topics more peculiar to the present essay (sufficiently 
extensive besides) enable us to dispense with the un- 
welcome task of once more analyzing a controversy 
purely personal, and which has almost filled volumes. 

I shall content myself with stating two oonsidera- 
tioDS, which must have great weight in turning the 
l>alance of the evidence (supposing it balanced) in 
Cavendish’s favour. The Erst is founded on the 
behaviour of Watt himself ; the second on the known 
character of Cavendish. 

As to the former consideration, I would remark that ($97.^ 
Watt withdrew the letter to Priestley which he had comro- 
Bubmitted to the Royal Society and which contained 
his views respecting the composition of water, before 
it hod been read at the meetings of that body.* The poiliiao of 
causes of this suppression aro candidly stated by w«t«r. 
Watt in a letter to Sir Joseph Banks, published by 
Mr Muirheod,* in which he states that he ** thought 


^ I4f$ of Ca¥tndufk, by Dr Georgs Wilson ; • vsluAblo biography, which has bean printad In the aeriea of publlcatiom of the 
** Cavendish Society,'’ and thus unfortanately has bad bat a llmitad cirealatlon. 

* f'orrttp^ndsnos on tJU ComposUitm of Watsr^ p. 30. * /Met. p. 52. 
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it prudent to delay the publication until be should 
have considered it [the thoory of the composition 
of water] more maturely, and hare made some ex> 
periments to determine the proof or falsehood of it.'* 
This, it must l>e owned, was not the lanj^uage of a man 
who hod acquired that amount of couTiction which 
is ncodful,— -not to broach a theory, — but to hold fast 
by it against all opposition. With the caution which 
formed part of his character, Watt was unwilling 
to hazard hU reputation by adhering to a doctrine 
which appears at the time to hare receired no sup> 
port from his scientific friends, especially Dr Block. 
Having read the correspondence published by Mr 
Muirhead, I cannot doubt that W^att, whatever his 
private opinions might continue to be, would never 
have urged his views on an unwilling public, but 
would have finally suppressed the letter to Priestley, 
bad not the experiments and claims of Cavendish at 
home, and of Lavoisier in France, reanimated all 
his zeal for the assertion of his opinion. This in- 
deed Watt ingenuously admits in the letter to Sir 
Joseph Banks just cited, where he slates that the 
fact of similar theories having since boen supported 
by philosophers of first-rate abilities, remov^ his 
second objection to publication. As the suppression 
of hit paper would have relieved Watt of all the re- 
sponsibility of error, it seems impossible to allow him 
the advantage — of which that suppression deprived 
him— of anticipating the date of his matured convic- 
tion; and to this conviction we have his own evidenoo 
that Cavendish’s publication os well as certain addi- 
tional expericnents of hit own influentially oontri. 
bated. Watt, in after life, may be said to have tacitly 
relinquished to Cavendish the honour which, in the 
first irritation of the conflict of thoir claims, he showed 
nodispositioo todo; it is, therefore, roasouable to infer 
that, on reflection, he saw good reasons for doing so. 
By this I mean that he suflered judgment to be passed 
in favour of Caveodish’s claim in the writings of many 
of his eminent eontemporaries, without attempting 
publicly to correct the all but universal impression 
which they made. In one instance, he almost ho- 
mologated Uiis adverse judgment In the article on 
Steam, written by Robison, and revised by Watt in his 
last years and siter Cavendish’s death, this passage 
appears,—*^ This is fully evinced by the great disco- 
very of Mr Cavendish of tlie composition of water ^ 
from which it must bo concluded, first, that Robison, 
the intimate friend of Watt, and the almost chival- 
rous defender of his fame, believed Cavendish to 
be the true discoverer;* secondly, . that Watt, in 
commenting on this article in 1614, permitted the 
fact to be thus transmitted to posterity. For, in 


his numerous animadversions on other ports of the 
same papers, he gives (as I have pointed out in the 
note to art. 318) free expression to the sensitive- 
ness which he felt lest Dr Black sliould derive any 
credit to which he was not entitled in connection with 
the steam-engine, but he suffers the passage just 
quoted to pass without remark. Such being the 
ease, and waiving all purely chemical discussion, 

1 am of opinion that Watt’s friends should have 
Icfl the matter as ho was content to leave it. 

With reference to the argument from Cavendish’s (£ 98 .) 
character, 1 would remark that whilst the claim of Arifttnrnt 
Watt cannot 1« maintained without imp^hing the 
honour and integrity of his hval, and showing that he of ( 
stooped to subterfuge in ortler to appropriate to him- duh. 
self a discovery due to another — it would yet be diffi- 
cult to find in the whole range of scientific history 
(without excepting thevenerable name of Newton), an 
individual so devoted to knowledge for its own sake, 
so indifTerent to the rewards of discovery, so averse to 
the publication of what he felt to be important, and 
knew to be original, so insensible to the voice of 
praise when appli(?d to himself, to ardent in acquaint- 
ing himself with the labours of others, and so libera) 
in assisting them. Such a man was Cavendish; and 
that he should stoop even to the common artifices of 
little minds for exalting his own reputation at the ex- 
pense of others, would itself be inedible ; how much 
more the insinuation (grounded solely on alleged cir- 
cumstantial evidence) that in doing so he disregarded 
the plainest dictates of honour and justice. 

Black and Cavendish were nearly oonteraporaries, ( 099 .) 
the former having been bom only three vears earlier. jMt®' 
But I doubt whether those two men, so congenuil in perimenu 
their studies, so different in almost every eireum- <« Uunt 
stance, whether of fortune or tenipenunent, ever met. 

They liad this, however, in common, that they pub- 
lish^ their discoveries and observations with reluc- 
taucc, and were fastidious in the manner of doing so. 

Black’s expehmeots, both in chemistry and on heat, 
preceded those of Cavendish, and with regard to the 
latter subject (heat) it is probable that Cavendish 
pursued investigations and made original experi- 
ments, in which he had been unknowingly anticipated 
by the Scotch professor. His researches on latent 
and specific heat (though be did not employ these 
terms) appear to have been subsequent to Black’s, 
but to have preceded those of Crawford and Wilckc ; 
and it is not impossible that his was the CArliest, or 
one of the earliest, determinations of the amount of 
heat absorbed in the conversion of water into steam, 
for which he obtained various results between 923^ 
and 982^, a mean of which would be very near the 


* RoWioii** Urtkameal PItilciophyy II, , 21. 

* TYm KrtkU Watbe Ib til* mrly •dltiont of tbo Itritammita li«a b««D quoted u the produetioo of IloblfOB, 

nf which th«r« doM not eppeer (o Mist Bsy proof. whiUt the probebilUy, b* eliOwn In Um test, lisa ell the other way. I learn 
upon the b«M Botbority that the proprtetora of thii A'Nc^iopwdid have no clue to the autharmhip of that article, and (hat It la 
not included in the Usu of Robiaoo'a known coolrihatioDa. The part relating to the preaant queetion wan espanged in the Fourth 
EditiOD, and a refereBoa Buda to the article Chemiairy where Caveodlah recelTed the credit of the diacoTery. 
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tmth. But it is osedless to dwell upon these obser- 
▼stions, however original, because they were volun- 
tarily suppressed by the author, and have only re- 
cently been brought to light from his maouscripts.^ 
What ho did publish in connection with this subject 
was a paper on the construction and graduation of 
meteorological instruments, especially thermometers, 
and others on the temperature at which mercury 
frees es, and on froezing mixtures. The former of 
these papers was, as might be expected, far in ad- 
vance of its age in the degree of exactness which was 
shown to be attainable in the constniction of ther- 
mometers, and scarcely even now can it be considered 
as obsolete. The papers on freezing mercury hnally 
corrected the exaggerated notion at first entertained 
of the extreme cold at which that metal becomes 
solkl, and also contain valuable views on the sub- 
ject of congelation, and fixed the latent heat of water 
at l60^ He calls tiiis, ** generation of heat’* during 
liquefaction, objecting to Black’s term as relating 
to an hypothesis, depending on the supposition that 
the heat of bodies is owing to their containing more 
or less of a substance, called the matter of heat ; and 
as I think Sir Isaac Newton’s opinion that heat con- 
sists in the internal motion of the particles of bodies 
much the most probable, I chose to use the expres- 
sion, heat is generated.’'* 

(GOO.) ^ Cavendish’s most important researches re- 

P«]wn oa fer to the attraction and density of the earth, and to the 
the*»rth'i iQAthematical theory of electricity. The former (which, 
in principle, was derived from the Ilev. John Michcll) 
of rlwu'i- has been already analysed in the chapter on Astro- 
noroy (art. 166). The latter will be more conve- 
niently referred to in our chapter on Electricity. 

/floi ^ Cavendish's publications extended over the greater 
fUogular active life, but those on chemistry and 

(MnoosI electricity, on which his fame principally depends, 
chsrsctor- jj, extend beyond the year 1776 • the date of his 
*'p®pe>‘ the density of the earth is 1798. He died 
24(h February 1610, at the age of 79. He appears 
to have-exercised scarcely less influence by his general 
devotion to science, than by bis spedlic discoveries, 
great and original as they were. In 1782, when 
PlayCsir met him incidentally in London, he de- 
scribed him as being generally looked up to as one 
possessed of talents confessedly superior, and as the 
only member of the Koyal Society wbo then united 
the knowledge of mathematics, chemistry, and ex- 
|>eriiaental philosophy. The absolute devotion of 
his life to inquiries the most abstractly scientific, 
whilst he showed an entire indiilerunoo to the luxuries 
which his wealth might have commanded, and the 
social station to which his birth entitled him, could 
not fail to inspire respect for his character, as well 
as to obtain the homage of mankind for pursuits 
so dignified and so generally disregarded. Many 


curious anecdotes are related of the annoyance which 
the inevitable accumnlation of his unspent income 
occasioned, He no doubt would have distributed more 
liberally what be so little valued, but for the amount 
of time and inquiry which such a course roust have 
compelled him to withdraw from his beloved pursuits. 

Some inatanecB of his generosity are on record, and 
others, no doubt, will never come to light. M. Biot’s 
epigrammatic description of him will probably long 
remain applicable, — “ 11 6tait le pins riche de tons 
Ics savans, ct probablement aussi le plus savant de 
tons les riches.” 

This isolation of interest was donbtlcsa due, quite (002.) 
as much to a constitutionally morbid temperament, 
as to a real misanthropy. He avoided even the most 
casual intercourse with his fellow men, excepting only 
when it vras likely to bear the immediate fruit of 
scientific information. He almost never visited his 
relatives, and his heir pmd him a visit of a few minutea 
once a year ; but he frequented regularly the social 
meetings of the Koyal Society Club, and the evening 
reunions of Sir Joseph Banks. But ho came, not to 
participate, but to increase his stores ; if ho spoke, it 
seemed to be by inadvertence, and he was silenced 
by a question, or even by a look. ” A sense of iso- 
lation from his brethren made him shrink frum their 
sodety, and avoid thdr presence; but be did so as 
one conscious of an infirmity, not boasting of an ex- 
eellcnco. He was like a deaf-mute silling apart from 
a circle, whose looks and gestures show that they are 
uttering and listening to music ozkI eloquence in pro- 
ducing or welcoming which he can be no sharer. , . . 

He was one of the unthanked benefactors of his mea 
who was patiently teaching and serving mankmd, 
whilst they were shrinking from his coldness, or 
mocking his peculiarities. . . . Such was he in life, 
a wonderful piece of intellectual clock-work, and as he 
lived by rule he died by it, predicting his death as if it 
bad been the eclipse of some great luminary, . . . and 
counting the very moment when the shadow of the 
unseen world should enshroud him in its darkness.”* 

I shall only add, that Cavendish was elected one (gos.) 
of the eight Associates of the French Institute in 
1803. This is a distinction perhaps the highest, of 
a formal kind, to which a scientific man can aspire, 
and was given at a time when, as an Englishman, he 
roust have felt it to be peculiarly honourable. 

The philosophical character of Cavendish resembled ^ 
in many respects that of Newton; and with but a slight phli 4 >. 
modification of its secondary ingredients, he might topblosl 
have been, perhaps, another Newton in experimental 
physics. His singular incommuuicativenesB, and the 
ab^oeof a laudable ambition to perpetuate his name 
by the establishment of groat theories, arc perhaps 
the main reasons why his reputation, except in che- 
mistry, did not stand yet higher than we find it. 

Conpere WUwo’i Ltf4 p, 446. 


^ tl)« R«v. W. Vernon llnroourt la Bntu^ Aitodation lU^ort for 1629. 

• PkU. Tran$. 1786 . 

* WlUoo’s Lift 0/ Cemnditk. 
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A mnn in<]ifierent to external relations pursues even sequently also intimatelv connected with the doctrine 
his studies at a disadrantage ; and the patient ]o« of lioat considered in reference to iU most ordinary 
hours of so long a life devoted to a single object, source, Combustion. 

would perhaps have told to greater elTcct had he He published in 1772 a paper on the Latent Heat (607.) 
published the results more frequentW, and had he of Water, and some years afterwards one on the Latent on 

communicated more freely with those qualifietl to in- Heat of Steam, which, in general, merely reproduce 
terchangetheirviews with his. His excellentmathc- the views of Black. In the memoirs of the Aca-,p^l^c 
matical education, and his unusual skill in experi- demy of Sciences for 17B0 (published 1784), wchesu 
ment, combined with a habit independent of cither, find an important papor on Heat written in conjunc- 
but not less valuable, of patiently drawing inferences, tion with Laplace, in which the colorimeter is de- 
raight have placed him in the first rank as a discoverer scribed, though not under that appellation, together 
in Heat, in Electricity, or in Optics,* each of which with its Applications and their results. The prin- 
sciences was so soon to take a surprising step in ad- ciple of the CAlorimcter is too well known to require 
vance. In several of his important researches, ho to be detailed here; but the authors of the joint 
was more or less anticipated ; a circumstance which memoir refer, with commendable precision, to the pre- 
hia cold nature would perhaps scarcely have allowed vious lalmurs of Wilckc of Sweden, who first employed 
him to moke an effort to prevent Black preceded the melting of snow to measure the qiiantities of heat 
him in most of his excellent expenroents on beat; given off by bodies in cooling. To Laplace and La- 
£pinus in his theory of Electricity ; Watt was at least voisier, is, however, due an important aildition which 
close on his traces in suspecting that water consists could alone impart any value to the results, — that of 
of oxygen and hydrogen ; and the admirable experi- the external chamber of ice which prevents fusion 
ment on gravitation had been devised by his friend taking place by the contact of the external air and 
Micbell, and was not improbably recalled to his re- by radiation. The French philosophers were not so 
collection, by the happy use of the torsion balance successful in eliminating the other source of inae- 
by Coulomb. It is given but to a few to achieve great curacy specified by Wilckc, which arises from the 
discoveries, nor is the longest life always the most difficulty of drawing off the whole of the melted 
productive. Cavendish had his share, and some of water. Sir John Herschel has of late years proposed 
the most considerable of these were even made later what seems to be an important improvement on the 
in life than is usual amongst experimentalists.^ It calorimeter, by filling the interstices of the snow or 
is no mean eulogy of him to say, that the purity and ice with water, and estimating the quantity of the 
ardour of his pursuit of truth were never excecdeii, former melted by the contraction of volume of the 
and that had he been more ambitious of praise, he compound mass. I am not aware that it has been 
might have stood os pre-emment in mathematical as yet practised. I havestated in Art. (88) oneground 
physics as ho did in chemistry. on which the idea of the calorimeter (so far as not 

(605.) Aktoixi Lavrrnt Lavoisier stands in intimate anticipated by Wilcke), may be probably ascribed to 
lAToliisr. connection with Cavendish, as well by the nature of Laplace. Another is to be found in the fact that, 
his pursuits generally, as by the brilliancy and im- in the opening of the description of the method in 
portauce of his chemical discoveries, which were the paper which we are consideriog, Laplace writes 
nearly contemporaneous with those of Cavendish, of himself in the first person. 

He was bom in 1745, and sufTcrt'd by the guillotine Of the memorable revolution which Lavoisier in- (608.) 
on the 6th May 1794, without even the shadow of troduced into chemistry, more immediately in con- 
a misdemeanour. He was attached to the sciences nection with the subject of combustion, I cannot be^^^^^[ 
of Heat and Chemistry, which he prosecuted with expected to speak hero at length. It is well known tjoa sod 
admirable success. He happily availed himself of that the early chemists entertained more correct oxidation, 
the discoveries of Black, Priestley, and Cavendish, as views as to the calcination of metals than those pre- 
well as his own, to establish the important chemical valent during the greater part of the eighteenth cen- 
theory which has immortalized him. It is to be re- tury under the influence of Stahl’s theory of Phlo- 
grett^ that he was not always just in citing the giston ; and that Lavoisier, in the first instance, only 
English writers from whom he so freely burrowed, led chemists back into the right road by insisting 
Such looseness was, however, common at that period, that the increase of weight observed when metals are 
and (unfortunately) has continued to be so in France calcined in air, must be due to some ponderable sub- 
even to nur own time. stance associated with the metal and derived from the 

( 606 .) Lavoi<iier’s more important papers may be classed air, an<l not to the escape of an imaginary spirituous 
®^dor two heads; those referring more immediately substance, endued with positive and termed 

hutaad ^ subject of Heat as a branch of physics ; and Phlogiston. But it required the progress which bad 
cbcuiitrj. those of a more strictly chemical character, princi- already lieen made in pneumatic chemistry by Black 
pally in support of the ** Oxygen-Theory,” and con- and Priestley, and especially the discovery of oxygen 

* Tl*U U«t subject sM’iQi to bsvr been cofn|iarstisely indifferent to hits. 

* ttis discot erj of Um conpoeitioo of v»t*r wu mode when bs vu sbuot fifty yesn of *ge. 
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bT the latter (a fact ipanngiT a]Iu<led to by Layoi- 
aior), to giro to the true theory a stable foundation. 
That metals calcine, and that flames bum by the aid 
of the ririfying principle of the atmosphere al>stnic(ed 
from it, and which adds its weight to the compoaods 
produced, was the primary step made by Laroisier; 
to which, by cantious, yet rapid inductinns, he added 
the knowledge of oxygen as the usual (he believed 
the sole) acidiiying principle, and demonstrated the 
true nature of carbonic acid. To these yorious ]>he* 
nomena thus happily reconciled, he added the theory 
of respiration, canfinning it by the effects observed 
in air which has undergone that process. Those, and 
many other consequences of the ** oxygen theory,” 
were devoloped in a numerous series of admirable 
memoirs. The reception of it was anything but in- 


stantaneous ; and the hesitation and delay which oc- 
curred, enable us, as Dr Whewcll lias well remarked, 
to estimate the force of mind which was required to 
promulgate the theory, — as the subsequent course of 
discovery, and its infinite applimtions in practice, best 
attest its importance. 

Lavoisier was still occupied in extending the <^) 
conclusions of bis chemical doctrines, when he was 
overtaken by the unprovoked sentence to a violent d<*tb. 
death. Like Archimedes, he begged a short respite 
for the completion of experiments in which he was 
iiumcdiatelycngugcd,but he was silenced by the brutal 
reply that '* the Kepublic had no neod of philoso- 
phers.” He left a name equal to any in the science 
of his time, and adorned by the memory of public 
and private virtues. 


f 3 . Dalton.— TA eory of Gom and Vapours^Law of Expannon by Iltat.^Atomie Theory of 

Chemiatry. — GuY-Lu88AC. 


J onw DALTOX,the chief author of the theory of che- 
mical equivalents or th e Atomic Theory (as he preferred 
to call it), and of many important researches on the 
constitution of elastic fluids, was bom at Eaglesficld, 
near Cockermouth in Cumberland, on the 5th of 
September 1766.* His parentage w.ia bumble, and 
his family belonged to the sect of Quakers, whose 
tenets he, to the close of his life, professed. Had 
we wished to invent a striking antithesis in the per- 
sonal histories of the culuvators of science, or to 
illustrate merely the various soils on which rich 
crops of discovery may be reared, we could scarcely 
have imagined more striking contrasts than in the 
social positions and advantages of Block, Cavendish, 
and Dalton — three of the names which we have selected 
in illustration of the history of physics of their age. 
Cavendish we have seen connected with one of the 
noblest families in England, and wealthy almost be- 
yond the dreams of the covetous ; spending his life 
in or near London, and enjoying every facility of di- 
rect oommunieation with the first scientific celebrities 
at home and abroad ; — Black, almost the beau idfol 
of an Academic, not wealthy indeed, but surrounded 
by all the opportunities of study, of information, and 
of social intercourse which be desired; passionless 
almost is a fault ; admirwl by his pupils and friends ; 
enjoying, in short, all the advantages which educa- 
tion and a Uterary position can afford for the prose- 
cution of a favourite study; — Dalton, on the other 
hand, poor and hardly winning a well-earned sub- 
sistence by private tuition, from the time he was 
himself a child until near the close of his long ca- 
reer, — with few friends, a scanty education, and a 
scantier library, — attaining, through his unaided and 
long almost unheeded efforts, and by means of an 


apparatus constructed entirely by himself, a position 
in the world of science unquestionably not second to 
that of either of his more highly-favoured contem- 
poraries. 

At the ago of thirteen be had commenced the ardu- 
ous office of an instructor; and from 1761 to 1792 
pursued the same occupation in a humble sphere 
at Kendal, where he fortunately became acquainted 
with Mr Gough, a blind gentleman of some fortune, 
who devoted his time to the prosecution of science 
in nearly all its branches, and |>artieularly of mathe- 
matical subjects, of which he has left an enduring 
record in many ingenious {upera, published chiefly 
in the Mancheaier TranmeUotut and in NiehoUon*M 
Journal. He patronixed young Dalton, giving him 
free aooess to his library and apparatus, and receiv- 
ing from him in return the benefit of his assistance in 
prosecuting his experiments. Dalton always recog- 
nised (as he had unquestionably good reason to do) 
the merits of his patron, and the importance of the 
advantages which be had derived from his odvioo 
and example. Indccl, without some such fortunate 
concurrence of circumstances (and something simi- 
lar may be noted in the history of nearly all self- 
educated men), it could hardly have l>een hoped that 
Dalton would have been so well grounded in the ma- 
thematical principles of at least some branches of 
Natural Philosophy as he probably was. For, though 
bis discoveries bear mainly on the science of chemis- 
try in the wide sense in which it was then under- 
stood, yet geometrical precision is after all their fun- 
damental characteristic ; and whether in treating of 
the constitution of a gas, or of the scale of a thermo- 
meter, or of the composition of a salt, it is evident that 
numbers and ratios were the ideas predominating in 


(Ml) 


1 Li/$ of Dait«n, by l>r lUnry, in the pgblicatbiu of tbe C»v«ndUb SSocUly. Tb* presviit soctioo wm ofiglnaUj wriUsa 
before the eppearenee of thi$ biography. 
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his mind. In thia he resembled CaTcndish; but he 
did not roMmble him, and in one sense roaj be said 
to have surpassed him, in the boldness, we might call 
it audacity, with which on a froqucntl^r too slender 
foundation of facts Dalton established, to his own 
satisfaction, by reasoning almost as much d priori as 
that of the mathematician, comprehensive physical 
theorems expressing the laws of phenomena. 

( 612 .) The more important of these refer to the consti> 
IMton’s tution of gases and vapours, together with their relo- 
wriciDgi. combinations of bodies by 

chemical affinity. We shall endeavour to give some 
account of these researches separately. They are to 
he found detailc<l in the Jfemotrs cf cA« Literary ojtd 
Philoiopkinil Soeitly of Maneht4t0r (particularly the 
fifth volume), and in Dalton's Xew Syttem of Che- 
mical Philosophy, of which three successive parts ap- 
peared in 18U8, 1810, and 1827, of which the first 
is the most original and important 

(613.) I. We shall first speak of his researches connected 
*^***"'***‘ with gases and vapours. It had been noticed by 
•Dd vBr rnestley aud others that when gases exercising ap- 
poura. parently no chemical action upon one another, ore 
mixed in a confined space, they liocomc, after the 
lapse of a longer or shorter time, completely inter- 
mingled, and (Aat without any regard to even great 
dilferences in their density, the particles of the lighter 
gas diffusing themselves contrary to gravity through 
those of the denser, and causing them in their turn to 
ascend. The uniform composition of our atmo- 
sphere, in all circumstances and at all heights, is a 
striking example of this property. In explanation of 
it, Dalton had in 1801 arrir^ at the conclusion, 
“ that the particles of one gas are not elastic or re- 
pulsive in regard to the particles of another gas, but 
only to the particles of their own kind.*' The fun- 
damental experiment on which this singular con- 
clusion was hosed was the following:— That the 
quantity of vapour of water (which, when purely 
clastic, may be considered ns a gas) which can exist 
uncondeosed in a given space, depends solely upon 
the temperature, and is independent of the presence of 
air and of its own density. Thus water, or any other 
evaporable liquid, being introduced into a space con- 
taining air, or any other gas, of any density, but 
subject to a constant external pressure, the space in 
question becomes damp by the evaporation of the 
liquid ; now the amount of the latter converted into 
vapour depends, according to Dalton, upon the single 
circumstance that the vapour yielded by it must 
have the precise elasticity due to its temperature. 


Its clastic force being added to that of the dry air, 
the whole will expand until equilibrium is restored 
with the coDsiant pressure wiiliout, and this will o^ 
cur as soon as the elasticity of the dry air alone 
(properto its increased volume), added to the elasticity 
of the vapour alone (depending solely on its tempera- 
ture), are together equal to the pressure which they 
have to support. In short, to nie the precise enun- 
ciation of I^toD himself, “ in all cases the vapour 
rises to a certain force, according to temperature, 
and the air adjusts tlie equilibrium by expanding or 
contracting as may be required.”* • 

The importance of this law (easily verified in the (614.) 
particular case) is reailily peremved. Not only dklTbcory of 
it affect the results of almost every experiment in 
pneumatic chemistry, but it rendered a new theory of^^' 
hygrometry indispensable. The older theory iff Hal- 
ley, Iteroy, and Franklin was, that the direct affinity 
b^ween air and water drew up a portion of the lat- 
ter into the former with the aid of heat, whilst De 
Saussure (/fssai sur VUyyrom6trie, 1783) believed 
that the conversion of water into vapour took place 
first and independently by the action of heat, and tliat 
it was then drawn up into the atmosphere by the at- 
traction of the gases which compose it. Dalton's 
experiiDeiits show that the air aud the vapour mix 
without the slightest mutual interference or reac- 
tion. He founded thereupon an excellent prac- 
tical method of determining the amount of vapour 
in the atmosphere. He first formed a table of the 
elasticities of watery vapour or steam for all tem- 
peraturee between 32° and 212”; and so simple and 
accurate were his methods, at least for the lower de- 
grees of the thermometer, that his numbers are still 
received as amongst the best we have. He operated 
merely with a carefully constructed barometer, into 
the vacuum of which he introduced a few drops of 
water, and raising the temperature by means of a 
tube embracing it, and which could be filled with 
water at pleasure, he observed carefully the depres- 
sion of the mercurial column. The elasticities thus 
determined commenced with 0 2 inchea of mercury at 
32° up to 30 inches at 212°. These numbers, oon- 
sequently, represent the utmost elasticities of vapour 
which can exist either in air or loitAout air at the cor- 
responding temperature. If we attempt to add more 
vapour, or to lower the t^peratnre, in either case 
moisture will be deposited. Hence to find the quan- **^*'j^®* 
tityof vapour in the atmosphere when not absolutely * 
damp, it is sufficient to ascertain the temperature at 
which it becomes so. This Dalton did by filling a 


' Th* exact expreMloa of tfae effect U thin, e=— where p repreteau the preuure eipreenod in inches of mercury upon a 

giveo volume (e^ual to of dry air; / the force of the veponr la vacuo at the temperature of expert meet, olio in ii>cbe« of 
twreury ; and v the volume which the mixture of eir and vapour oecupie* under the given prewure p after saturation. It is evident 
tbmt^.-/l>elng the preMere due to tbs slasliclty of the dry air apart from the vapour, when we elBrm that the vulume(l) becomes 

effect affirm that Morlotte's (or Boyle’s) law coaoectiug volaae and preseare holds true for acr which Is mixed with 
vapour, juat «• though vapour were abeenl or its space told. 
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thin gla»8 with cold spring water, or by adding, if 
necessary, the solid nitrate of ammonia, until the 
temperature fell so far that dew began to be deposited 
on the surface. This excellent method constitutes 
in fact the dtw-potnt hy^romettr. It has received 
Torious forms from Mr Daniell and others, but the 
original one is probably the best. 

(615.) These important laws and deductions being fully 
understood, the theory of the mixed dry gases follows 
6 simple corollary. For it merely asserts of them 
what has been admitted in the case of steam, that 
they may diffuse themseWes, and exert their elastic 
forces quito independently of one another; so that, for 
example, in our atmosphere the total pressure is made 
up of the partial elasticities of the oxygen, nitrogen, 
and carbonic acid which o(Mnp 08 e it, each acting to 
the same amount as if it alone had oxiiteil in the 
space which it occupies. In hia essay of 1801, Dal* 
ton stated his riew of these facts thus The par- 
ticles of one elastic fluid may possess no repulsion or 
attractive power, or be perfectly inelastic with regard 
to the particles of another.'* 

(616.) Discoveries so practical could not lail to excite 
Dftkioo's immediate attention, especially at a time when the 
researches of chemists were earnestly directed towards 
tb* aubject gases, “The facts and experiments,** Dalton 
tells us in liis Chtmieal PAi(cMro/>Ay, “ were highly 
valued ; some of the latter were repeated and found 
correct, and none of the results controverted ; but 
the theory was almost universally misunderstood.** 
Its opponents were Derthollet, Thomson, Henry, and 
others, and the replies of the author are contained in 
the work jnst cited. But he appears to have felt (he 
force of the objection, ** Can it be conceive<l that an 
elastic subetanoe exists which adds its volume to that 
of another, and which, nevertheless, does not act on 
it by its expansive force?” — for in his chemical phi- 
losophy he abandons the comparison of gaseous par- 
tides to similar magnetic poles which repel each 
other, but are inert towards non-mi^etic matter, and 
allowing that heat is the primary cause of repulsion 
in all gases, ascribes their diflusion contrary to gravity 
to the dissimilar size of their epberieal molecules. 
“ The particles of one kind being from their size un- 
able to apply properly to the o^er, no equilibrium 
can ever take place amongst the heterogeneous mole- 
cules. The intcetinc motion,’* he odds, “ must there- 
fore continue till the particles arrive at the opposite 
surface of the vessel against any point of which they 
can rest with stability, and the equlihrium at length 
is acquired, when each gas is uniformly diffused 
through the other.** It may be seriously doubted 
whether this theory of the facts will bear examina- 
tion, at least no attempt has been mode to demon- 
strate it on mechanical principles. The subject has 
been allowed to remain dunngmore than forty years of 
unequalled activity in such speculations without ma- 
terial light being thrown upon the proximate causes 


of theoe wonderfully general and simple truths. Yet 
it can hardly be doubted that the mechanical theory 
of the gases and vapours is capable of a great exten- 
sion, and even of being illustrated by simple experi- 
ments. But the attention of chemists has beenvrith- 
drawn from the physical bearings of their science by 
the prodigious increase in tlie number of compounds 
which they have had to analyse and classify. The 
moat important sequel to Dalton's diaoorcries has 
probably been that of Professor Graham, whose cx- Mr Gm- 
periments prove that gases when separated by ah*«»’8l«w 
porous partition permeate it in both directions, until 
they have mixed in proportions which are inversely 
as the square root of their density. This law clearly 
shows the purely mechanical causes by which the 
diffusion is effected. 

A discovery of Dalton, which has scarcely been (617 ) 
considered second in importance to those we have j^**"** 
mentioned, is that th« rat^. of ^rpansion of all .Jg****^* 
hy h«at is tketame. Thus thermometers of air, hydro- gun by 
gen, and carbonic acid would all markthesame degree *'''''*■ 
when plunged in the same medium ; whilst the mer- 
curial thennometer shows a more rapid expansion, at 
higher temperatures, if the air thermometer be taken 
as the standard. This important fact was soon 
after bat independently announced by Gay-Lussac of 
Paris. Dalton’s publication dates from 1801. In 
his (Chemical Pbilosopby, be gives his view of the 
difBcuh subject of a true therraumetric scale ; which 
he docs not suppose to be correctly represented by 
the simple expansion of any known sulietance; but 
that the gases expand with true increments of heat 
in a very slow geometrical progression, whilst li- 
quids expand os the squares cf the true temperatures 
from their fVeeiing points. These and other laws 
equally arbitrary have not received support from 
later and more precise experiments ; and in the se- 
cond volume of his work (1827) he freely acknow- 
ledges the correction of hia hypothesis by the more 
recent French experiments. 

II. I now proceed to the other part of Dalton's 
labonrs on which his reputation is principally based ; Atonic 
namely, the clear assertion and experimental esta- Theory, 
blishroent of the Atomic Theory or doctrine of chemi- 
cal equivalents. I introdnee it hero on account of 
its im|K>rtant bearing on all physical questions in 
which t]je constitution of matter and the forces act- 
ing at minute distances are involved. 

JCarly opinions On (As constitution of matter and (619.; 
chemical combination . — ^Two opinions have prevaile<l opi- 
from the very earliest times respecting the coostitu- 
tioD of body that which supposes its entire homo- tati«i of 
geneousness, and that which allows that it consists msuvr. 
of material jiarts or atoms separated by void spaces ; 
these ports or atoms being indivisible. This last is 
the doctrine of Democritus and Epicurus, and in 
modem times of Bacon, Xewton, and Dalton.' The 
former opinion has been held by Lcibuilz, and many 


' Tli« reftder wLU find •tuple deuiU qd tbe opioioos of tb« older philoeopbere Id l>eut;eny'e Intrwiuctivn to tJu Atomic Tkiory, 
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writers of the recent Gorman scliool. Abstracting 
as far as possible from the more piirclr metaphrsical 
difficulties {’such as those which the consideration of 
Leibnitz’s law of continuity introduces), we may 
perhaps be justiliod in stating tliat, whilst the objee* 
lions urged against the existence of atoms fall upon 
our inability to conceiTO and describe the properties 
of these individual ultimate parts in a consistent 
manner, — the objections to the other notion meet us 
at an earlier sta^, and seem to defy any clear con* 
ceptioD of the nature or possible existence of com- 
pound bodies, or of bodies in two states of consis- 
tence. Admitting atoms — whilst acknowledging our 
inability to describe them individually — wo con clearly 
enough conceive the phenomena of condensation, ra- 
refaction, evaporation, Ac., and also of the combina- 
tion of elements in compounds possessing distinct 
properties; but excluding them, or allowing that 
matter is penetrable by matter throughout, is it pos- 
sible to conceive clearly of such a compound, — as for 
example, of the perfect diffusion of two gases in tho 
same space, yet each gas retaining its individuality 
BO completely as to admit of easy and complete se- 
BoMovieh. paration from the other 1 The theory of Bosoovich, 
which has been sufficiently touched upon by Sir John 
Leslie in tho previous Dissertation, was intended, no 
doubt, to reconcile the two opposing theories, and it 
cannot be doubted that it is in many respects an in- 
genious solution. Yet it is csscntiidly (os Professor 
Kobison maintains) a corpuscular or atomic doctrine, 
and it farther appears to bo difficultly reconcilable to 
the doctrine of inertia ; for how can a finite number of 
uuextended physical points, though they may be the 
centres of intense forces, constitute a finite aggregate 
mattf Nevertheless this speculation has b^n on 
the whole favourably receiv^ and in our own time 
scorns to have boon adopted by so eminently practical 
a philosopher as Dr Faraday. 

(620.) Al>out Dalton’s idea of atoms, however, there can 
Dsltoo’i jjQ doubt. They arc, according to his view, pon- 
indivisible masses, having length, br^tli, 
and thickness, consequently form. He had distinct 
conceptions of their relative weights, distances, and 
specific heats. He .was particularly fond of depicting 
them in diagrams, to whifdi ho often refers for a clcairer 
exposition of his views than he chose to give in words. 
A mechanical mixture of gases like the atmosphere is 
for him a uniform diffusion of the atoms of each gas 
throughout the space occupied by the whole, and 


without reference to the position of the atoms of any 
of the otliers. But a domical compound consists 
of molecules or complex atoms, each composed of 
two or more ultimate particles of the constituents 
firmly united by a chemical force, and these complex 
molecules act towards one another exactly as simple 
ones might do. The general notion of chemical forces 
orq^ntt«e#(as they were ]>crhaps first called by Geoff- 
ruy, a French chemist) appears to have been appre- 
hended in two different senses corresponding to the 
atomic or non-atomic theory of body. For the former 
proceeds on the assumption of direct attractions or 
repulsions {pvth-an/l-pull forces, as they have been 
called) uniting some and tending to separate others, 
thus assimilating completely chemical with mochani- 
cal forces. The other school adopts tho word afinity 
as expressing a mode of action of matter upon matt^ 
totally distinct from that of force producing motion 
in its particles, to which it is difficult to give an in- 
telligible form, much more to prove that the assump- 
tion is w’arrantcd by the facte.* In this state of 
matters the choice between on opinion perhaps erro- 
neous, and one which assumes no definite shape, can 
hardly, to the practical philosopher, remain long 
doubtful ; when new facte shall have enabled him 
to express intelligibly a new hypothesis, it will be 
time enough to adopt it 

DoltotCi Atomic Theory . — I shall first briefly state 
the general facte or laws to which Dalton gave an uni- 
versa! application, and then briefly refer to the un- nkal con- 
doubled anticipation of partof them by earlier chemists. bioBtioD. 
For the sake ofdistinctness the/acUof theatomic theory 
may be thus enumerated : — 1. That when two bodies 
unite, not merely by mechanical mixture but through 
a chemical affinity of tho elements, ^two or more in- 
gredionte forming a wholewith new properties, — these 
ingredients ore invariably found to exist in constant 
proportions. For instance, the carbonate of lime in- 
variably oonsists of 44 parte by weight of carbonic 
acid and 66 of lime, the slightest addition of either 
element remaining uncoinbined, or only mechanically 
mixed with the chemical product. 2. In many 
instances, however, more th^ one chemical combi- 
nation can be formed between two or more elements, 
and in the simplest cases, where the elements are 
two in number and one remains constant in quantity 
whilst the other increases in amount, a fresh che- 
mical union of the particles docs not occur until one 
of the ingredients reaches precisely double the amount 


sn4 io b«wcU's PKiJot. of Indnetiv* Seitneu, toI. I. N«wtoa’i cooj«cture Uexpr«tSMl in ibMe wonla : — *' All things cowidrrvd, 
U •eems probable that God, io the begioniog. formed matter la eoUd, maaijr, hard, impeoeirable, moTMbla particles, of sneb 
sites, flgares, and with sock other properties, and In each proportion to space, u most conduced to the end for which he formed 
theOL And that these primitive perticles being solids, are incomparably harder than any bodies compounded of them; even 
so very bard as never to weer or break to pieces ; no ordinary power being able to divide what God himself made one in the 
6r*t creatioo.*’ Horsley’s Nncton, voL Iv., k60, quoted by Daubeny. 

^ A profound and subtle thinker of our own time (Mr Leslie Ellis, ofTrlnlty College, Cjunbridge) has made a definite eoggestion 
as to a poasible form of chemical forcos, vis., that they may not be such as are directly exerted between a particle A and a particle 
B, but only by their presence enable A to act on B, or bav the same relaUon to force (common force) as force io mechanics does 
to the motion which it ceases. Thus, the science of mechanics would include — 1st, Kluematics, or pure motion depending on 
aquations of the first order ; 2d, Dynamics, depending oti equations of the second order ; 3d, Chemical, Vital. *c., forces, depend- 
ing on equatloos of higher order*. Camh. {Vans., vUi^ 604, Ac. 
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which had chemicallj comhiried with the other; and 
if it happen that freah eompouudii arc formed pos> 
•easin^r new qualities, then tho varying ingredient 
reaches 3. 4, or 5 times the amount which it had in 
the first combination ; or more generally the propor- 
tions by weight of the combining elements may be 
tMctly represented by whole numbers. 3. If two 
bodies combine in certain proportions with a third, 
they comtune in the very same pro|K>rtioiis with 
each other.** This is called the law of reciprocal pro- 
portion. Thns, suppose that one ounce of a body A, 
saturates or forms a chemical combination with two 
ounces of B, 6 of C, and 1 1 of D ; then if B, C, and D 
arc capable of combining, it will be in the exact pro- 
portions of the numbers 2, 5, and 11. Hence a single 
nnmber being determined for each body, determines 
all its possible combinations with other known bo- 
dies. 4 . It may perhaps be added as an indepen- 
dent &ct, that when complex bodies combine with 
other bodies, no matter whether simple or compound, 
the combining number of the complex body is the 
sum of the numbers representing the constituents. 
Thus the combining number of lime is 28; but lime 
consists of calcium 20 and oxygen 8. So also the 
combining number of water is 9 ; but water consists 
of hydrogen 1 and oxygen 8 : and the combining 
number of hy<Irate of lime is 37, the sum of the 28 
parts of lime and 9 of water of which it is composed. 

(622.) The discovery of these laws has been termed by 
PkTtial gir John Hcrachcl the most important, aller the laws 
^ipatioo j mechanics, which tho study of nature has yet dis- 
th«M Uwt. closed. ^0 slight or transient reputation is due 
to him who first clearlyapprohendcd and taught them. 
Nor must we be surprised to 6nd several claimants to 
a share of tlie honour. It is the invariable history of 
all great generalizations, that they have been partly 
anticipated; and it may serve to moderate the self- 
esteem of even the greatest discoverers, that however 
high may be their individual merits, they are in some 
sense mere exponents of the aggr^ate know- 
ledge of their contemporaries. The laws of motion 
were partially anticipated before the time of Galileo, 
and could not have remained much longer undefined ; 
and even tho unparalleled discoveries of Newton 
roust, in all probability, have ere long been made 
piecemeal by the united energy of his contemporaries 
and immediate successors. The steam-engine was 
not the sole creation of Watt, nor was Davy the first 
to apply the voltaic battery to chemistry. In like 
manner, Dalton’s laws of chemical combination were 
published at a happy moment, which gave them 
speedy acceptance with the active chemists of his 
day; whilst those who had seen with sufficient clear- 


ness portions of these laws twenty or thirty years 
before, addressed a scientific public by no means pre- 
pare<i to appreciate their value, or to feel a conviction 
of their generality. Had Wenzel,^ Higgins,’ and w«n»«I, 
Richter* individually apprehended the grrat 
tance of tho definite and multiple combining ^ 

portions which they announced, — had they felt tho 
theory of them to constitute the very foundations of 
chemistry, — they would not have rested until they 
had verified it in numerous details, and applied it to 
the various purposes of speculation and practice, as 
Dalton did. But whether from want of energy, or 
from ill fortune, their ideas sunk into enUrc oblivion; 
and the ingenuity and social position of Bcrthollet 
were giving a currency to opinions respecting chemi- 
cal forces which tended to undo even the far more 
elementary notions of tho constancy of elective affi- 
nities, at the time when Dalton*8 researches were 
unostentatiously brought before the world. His first 
insight into the theory of chemical combinations 
dates from the year 1803. It was expounded by 
him both in conversation and by lectures in 1804, 
at which date Dr Thomas Thomson recorded the 
results of a conversation held with him at Manches- 
ter, which, three years later (evidently with Dalton's 
approbation), he published in his work on Chemistry. 

Finally, Dalton himself, in 1 608, announced the prin- 
ciples of his theory at no greater length than five 
pages “ on Chemical Synthesis** in his Chemical 
Philosophy. 

Now, it is to be observed, that Dalton’s views were (623.) 
all along expressed in the language of a strictly Ato- 
mie theory. Compounds are only chemically com- 
plote, when one or several atoms of an element com- to the pro- 
bine with one, two, or more atoms- of another. Any 
superfluity of either element remains uncombined, or ^*’•“^**7* 
mechanic^ly mixed. All the other parts of the laws 
of combination readily lead to the same idea, and, in 
fact, find in it their simplest expression. There is 
no wonder, then, that Dalton firmly believed in tho 
physical existence of his atoms, and that the new 
properties of compounds ore due to the peculiar mo- 
dification of the most elementary parts into which 
bodies can bo divided without a loss of those proper- 
ties, that is, without decomposition. Ho figured 
these elementary molecutes by uniting the symbols 
of their constituents, and by so doing, may l>o said 
to have laid the foundation of those algebraic sys- 
tems of technical notation, which speak to the eye 
only in another way from Dalton’s diagrams, and 
which have been of such eminent service to the 
chemist. Nor must we think too lightly of a hypo- 
thesis which served so materially to aid in realizing 


* LeKre *»n der r«rtMm/«rAu/f dtr Evrper, 1777. Be kbowi tbst ia » doubis dsoomposltlon tbs n«w ootapoondi sr« ebenl- 
cslly perfect, 

* A Comparative of the PUo^ttie and Antipklcyittic Tkeoriu, 1769, by Mr WilllsBi HlggltM, polats oat tb» tnulUpU oom- 
blning proportktTU of tulpbar and oxygen, and of oitrogan and oxygon, bat only uictdenUlIy. Dr Bryan lUggiiM, a ralaUva of 
Mr W. II., had publUhed. in 1786, a work aaid to contain tb# Idea dwfloiU atocaic combinations. 

> Au/attyoyrnnde dtr Sedekfometrir, 1792. Hs giT« a icrias of nombsTf rsprcMDting tba combining propornoas of diflarsot 
elrmrntii. 
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a dincorery of auch maginitudc. Dalton’s earlier re- 
searches were lar more phrsical than chemical ; and 
it is evident that the ctTart of representing to his 
mind, geometrically and atomically, the coinlitioa of 
mixcil gases and vapours, led him to form clear 
ideas on the detinitenees of chemical combmatious. 
The delny in publishing his \-iew8, no doubt de- 
pended on his desire to present tliem to the public 
in tho form of a somewhat wide induction, although 
it is certain that his own opinion was fully formed 
from a knowledge of only ouo or two cases of multi- 
lo proportions, and especially the combinations of 
jdrogen and carbon. It cannot be fairly urged as 
*oncluaivc against the theory of atoms, that cases 
.^ur diHicuIt to reconcile with the author's formal 
statement of it. There is no great theory— not cren 
that of gravitation itself — which has not met with 
similar apparent contradictions. 

(624.) The reception of the views of Dalton was some* 
tioo^** what gradual, yet might be called rapid, considering 
EngisoJ, the obscurity of the author, and his provincial resi- 
dence. The energy of Dr Thomson of Glasgow con- 
tributed more than any other circumstance to com- 
pel the attention of chemists. He personally brought 
it under the notice of Wollaston and Davy ; and the 
former, who, by his habits of precise thought and ac- 
curate experiment, as well os from his extensive che- 
mical knowledge, would of all others have been tho 
most likely to sec its importanoo and probability, 
was doubly predisposed in its favour by having been 
himself for some lime in possession of frets illus- 
trating the namcricol law's of combination similar to 
those which Dalton possessed. Wollaston published 
these in tho Phih»o}ih\cal Transoertons for 1808, in 
which he expressly states, that Dalton hod antici- 
pated him in the results of bis enquiry into multiple 
combinations of elements. Davy, as might have bran 
expected, was less prepared to accept a doctrine 
having the form of a mathematical law ; ho did so, 
however, after a short resistance. In his CAenuco/ 
PhHo$fyphy he ascribes most if not all the merit of 
it to Higgins, and is supposed to have looked coldly 
upon Dalton’s growing fame; but it it gratifying to 
atM, that in almost his last appearance in public as 
president of the Royal Society, when presenting Dal- 
ton with the first royal modal, bo should have ex- 
pressed himself in terms of cordial praise, 
t b'rance the new doctrino soon spread, notwith- 
standing its violent contradiction to the theories of 
Mr’a UworBcrthollct. Gay-Lussac was amongst its earliest 
'rolumw. most enlightened advocates ; and ho had the 

good fortune to add, in 1809, a new law to the 
principles ot‘ chemical combination, which is, that 
the goaes, in uniting chemically, combine in equal or 
multiple t-olumsf, and when any condensation occurs 
after tlicy have united, it amounts to an exact frac- 
tion or of their joint bulk. This was the only 
addition made for a very long period to Dalton’s 
laws, even if we consider the theory of Isomorphism 


and of Substitutions to take tbo same rank ; and at 
it eri^lently includes the idea that the atomic weights 
of the gases have a siinpie numerical relation to their 
densities, it confirms Dalton’s views of the great sim- 
plicity aud uniformity of constitution of those bodies. 

In Sweden the doctrine of definite proportions found 
one of its earliest advocates in Berzelius, and his 
analyses contributed pcrhajis more than those of 
any other chemist to its perlbct ostablishinent. 

It is not to be concluded, however, that the atomic (6S6.) 
or theoretical pan of Dalton’s laws obiainod the same “ 
currency with tlic conditions of chemical combina- 
tion which they serve to define. Wolla-ston and 
Prout were perhaps the most favourably disposed 
to the doctrine of atoms, though the fonner invented 
the term ** chemical eqiiivalenta** to escape from the 
theoretic inference, and tlie latter believed that Dal- 
ton's law w.'ia only a ponion of a more complicated 
one regulating chemical combinations. Wollaston 
even sought evidence in favour of ultimate atoms, 
from ooDsideratious of a purely mechanical kind, 
such as the existenco of a limit to the atmosplicro 
(Phil. Tran*. 1822). We may however admit, with 
those who have taken an opposite view, that the 
finite extent of tho atmosphert' is consistent with a 
continuous mathematical law suitably assumed, aud 
without reference to atoms at all ; il^ indeed, vre can 
imagine a medium varying enormously in density, 
yet possessing p)erfect continuity of body. But wo 
will not enlarge farther on these almost metaphysi- 
cal considerations. 

During the period from his settlement in Man- ^627.) 
Chester in 1793, to the publication of his 
Philosophy in 1808, Dalton was occupie<l in tuition, butorjr 
first in the Mosley Street Institution, where he lec- cuDiinuwl. 
tured on mathematics and natural pliilosophy for six 
years, and afterwards, privately, in a veiy humble 
and unprctcuding ntauucr. His speculations and ex- 
periments gradually became mure and more strictly 
chemical ; and, aware that his atomic theory was to 
bo the great foimdation of his fame, he spared no 
pains in illustrating it by numerous analyses. Con- 
temporary chemists have testified to the ingenuity 
and fidelity of these. Yet, isolated as ho was, and 
unacquainted perhaps with those niceties of nuinipu- 
latioo which are suggested by the experience of pro- 
fessional chemists, and rapidly communicated in grout 
cities, his numerical conclusions were often inexact. 

Probably he frit some discouragement from this, at 
well 08 from the inditferent reception of tho later parts 
of liis Chemical Philo*opfiy^ in which ho bad to admit 
the inaccuracy of his thcureticul scales of heat and 
expansion. At all events, his publications becaiuu 
more scanty and less original, though he was still near 
the meridian of life. Tho reality of his discoveries 
hod been somewhat coldly acknowlcdurod, and ho felt 
little temptation to adventure himself in a more bust- 
ling arena, for which his habits and circumstance! 
seemed to unfit him. Nevertheless, he had been, as 


Digitized by GoOQie 


Chap. VI., § 3.] HEAT (ATOMIC CHEMISTRY). — DALTON — GAY-LUSSAC, 141 


carW as 1816, elected a eorrespomlin^ member of the 
Institute of France — Wollaston being then probably 
the only other English name on the list^ Dalton 
found his way to Faria in 1822, and was agreeably 
8urpnt<Hl by the distinction with which he was 
ceivcfl by the most eminent members of the Academy 
of Sciences. Perhaps this first j>er$onal recognition 
of his c.xalted station, as a man of science, had some- 
thing to do with ilie tardy a«lJudication to him four 
years later of one of the medals of the Koval Society 
of London. In 1830 he was elected one of the eight 
associates of the Academy of Sciences iu tlio room of 
Sir Humphry Davy. 

In 1833, at the age of sixty-seven, he received a 
JlUchsfsc* government, up to which time he had 

maintained himself in the way alroa<ly mentioned, 
with the utmost simplicity and contentment. Even 
in his lifetime it was impossible for liis eulogists 
to forbear from some reference to this essential part 
of his really philosophic character. “ Mr Dalton 
bos been latmuring,’* says Sir Humphry Davy, “ for 
more than a quarter of a century with the most dis- 
interested views. With the greatest modesty and 
simplicity of character, he has remained in the ob- 
scurity of the country, neither asking for approba- 
tion, nor offering himself as an object of applause." 
" There is little doubt," says Dr Thomson, " that 
Mr Dalton, had he so chosen it, might, in point of 
pecuniary circumstances, have exhibited a much more 
brilliant figure. But he has displayed a much more 
noble mind by the career which he has chosen ; 
(M]ually regardless of riches as the most celebrated 
sages of antiquity, and as much respected and be- 
loved by bis friends, even in the rich commercial 
town of Manchester, as if he were one of the greatest 
and most influential men in the country.*' All who 
bad the good fortune to know him persoDally~to see 
him, as the writer of these pages has done, in his 
modest school-room, and surrounded by his unpre- 
tending apparatus— will own that these eulogies are 
«k{ dr*th. not overdrawn. His latter days were spent in cheer- 
fulness and comfort; he ex}ured on 27th July 1844, 
having nearly completed his seventy-eighth year, 
(629.) The philosophical character of Dalton may be 
"b - summed up. He had immense vigour of con- 

Ll rh«rsc- ception, and an ardent love of truth. He was tho- 
wr. roughly devoted to the pursuit of science during his 
long carver, and he evidently sought and expected 
no higher reward than the insight which he obtained 
into the laws of nature. His mind, like his friuno, 
was of a strongly masculine character, and happily 
exempt from nervous sensibility and other like in- 
firmities of genius. Whilst he held his own opinions 
with tenacity, and criticised freely those of his op- 
ponents, there is not a trace of acrimony in any 


of his writings ; and be always spoke in terms of 
high respect both of those who pursued science in a 
similar direction with himself, and (what was more 
difficult; likewise of those who, having the good for- 
tune to hold more conspicuous positions, showed him 
the smallest degree of kindness, which he always 
gratefully acknowledged. Ho was unlike Black and 
Cavendish, in the rapidity with which he seized on a 
few isolated facts, and made them the basis of an 
inference of great generality ; this, indeed, was his 
leading cliaracieristic ; and he differed from them 
equally in the boldness with which ho claimed ft'om 
the public a general acceptance of his concltisions. 

Some of Kia inferences were unguarded enough, and 
have not been confirmed ; and the reception of what 
were correct was naturally delayed by the evident 
facility with which his theories were shaped in his 
own mind. Most of his papers appeared in rapid 
succession ; only the Atomic Th<x>ry was brought 
with some evident hesitation before the world. In 
all this we see the results of a vigorous imagination, 
united with great perseverance, iu working out an 
idea. The imaginative clement would have been 
more under control had his education been of a less 
irregular kind. Wo see the effect of an opposite 
turn in his eminent predecessors just named. They 
would have done more, had they trusted more. Dal- 
ton's discoveries may be said to have terminated at 
the ago of forty. Though he laboured for thirty 
years after, the concept] ve faculty seems to have 
spent itself in its earlier efforts. 

Joseph Louis Gat-Lusbac, an eminent French 
chemist and physicist, contemporary writh Dalton, Gay-Lu^ 
has been mentioned in the course of the present see- »«-~cIhi 
tion, as having discoverod independently the e<IHal 
dilatation of the gases, and also a law of their com- 
binations in connection with their volumes, which 
was peculiar to himself. Besides these researches, 

Kienoe owes many useful observations in physics to 
his energy and talent, which, in the origin of his 
career, promised more of originality than his ma- 
turer iite perfectly fulfilled. He was bom in the old 
province of Limousin in 1778, and became the pupil 
of Berthollet in chemical researches, and was one of 
the earliest and most active members of the Soci4te 
d'Aroeuil. In physics, he was the collaborator of 
MM. Biot, Humboldt, and Laplace. With the first R«mark- 
of these philosophers he made his earliest experi-sbu Ul- 
ment in aerostation, which he repeated alone on the 
16 th September 1804, when he attained the amax- 
ing height of 7016 metres (23,019 English feet), an 
elevation previously unattoined, and which in the 
course of the succoring half century has only twice 
been touched, or exceeded by a small quantity.^ Con- 


1 6o itated bj Dslton hlntelf (Z^e by Dr Henry, p. 163); bot I ■uspect lome mimppr«h«iwion. Coofidering Uw imporiODet 
sttacbed to ibeM mnoinatloiM, it is to be regretted UkSt it ii St all tiaies dlflkaic to sscertsin wbo srs, or have been, swocistss 
SA<1 correepondento of the Aesdemy of Science*. 

* Once MM. Biiio and Barral in 1860, and ooeo by Ur John Welsh in 1862. fUnee this passage was written 1 iod U 
stated, that, on tbe 10th Stpteaiber 1638, Mr Green and Ur Kiub reached a height of 27,148 feet. See n«we of 15|A Stpu 
1838. 


Digitized by Google 



[Di»». VI. 


142 MATHEMATICAL AND PHYSICAL SCIENCE. 


itdcriog the norelty of the experiment in 1804 (only 
twcDlY-one years aih?r Montgolfier’s first successful 
experiment), this fact speaks strongly for his courage 
and zeal. These ascents were also the first nudertaken 
with strictly scientific aims, and the observations made 
were highly interesting in connection with the dccre* 
ment of temperature in the atmosphere, with the nni- 
formity of composition of air at all heights, and with 
the question of whether the magnetic force of the 
earth diminishes at such elevations. This last en- 
quiry was not conclusively answered. 

(631.) With M. do Humboldt ho mode observations on 


terrestrial magnetism in Italy, and on other subjects. 

By desire of Laplace he studied the facts of capillary dmu ck- 
attraetaon. In more immcrliate connection with 
subject of the present chapter, he ma<le some valu- Lu*bi«* 
able experiments on hygrometrr, on the mechanical 
properties of vapour of different kinds, and on the 
specific heat of the gases. His fame, however, mainly 
rests on the t^vo inveatigations to which we previously 
referred, and on the results of his balloon journey. 

His later years wore devoted to practical enquiries 
connected with chemistry, and to his official duties at 
the Mint. He died at Paris on the 9th May 1650. Iiu d«etfa. 


(638.) 

Thomson, 

f'oaotof 

Uumford. 


(633.) 

nU c«rly 
biatory 


(634.) 
KDqairi«s 
Into the 
ecoQomi(«l 

tios* of 
beat. 


I 4. RumpORD.— JScortomtVaZ applKatiom of Heat — Point of J/ajrimum Pen»\ty of Water; Hope. 
— /’nction as a source of Heat Theory that Heat is eonveriihle into Mechanical Energy ; 
Mr Joule. 


Thk name of Thomson, Count of Rumford, de- 
serves a passing notice in the hi.story of the physi- 
cal sciences, if not for the absolute importance of 
his discoveries, at least as an instance of a class of 
benefactors to mankind at once in a physical and in- 
tellectual point of view. Ho was altogether in ad- 
vance of his age in the application of correct theory 
to the improvement of the social condition of the 
lowest classes; and many of his experiments, and, 
indeed, discoveries, seem now at once so simple and 
so familiar, that wc arc apt to forget how entirely 
original they were sixty years since. 

Sir Benjamin Thomson, an American by birth, a 
British knight, and a Bavarian or rather Austrian 
count, was bom in the United States in 1763, and 
passed his earlier years almost entirely at military 
stations during the American war, being engaged 
on the British side. After the establishment of in- 
dependence, he quitted his country for ever ; came 
first to England, where he was well rocciv^, and 
proposing to enter the Austrian service, he proceeded 
as far os Munich, where, having become known to 
the elector of Bavaria, he was induced to settle; 
and having received different civil and military ap- 
pointments, he devoted himself for a series of years 
to the improvement of the social condition of that 
capital. Ho introduced great improvements into the 
management of the army; the mechanical and chemi- 
cal departments of the artillery had a peculiar charm 
for him ; they were conducted on strictly scientific 
principles, and, in return, were made to contribute 
important results to science. His experiments on the 
heat of friction, deduced from the boring of cannon, 
arc amongst the best wc possess ; and they led him 
to results of considerable theoretical importance to 
which I shall presently refer. 

But his most sen iccable efforts on behalf of man- 
kind were in the treatment of the mendicant classes 


with which Munich then swarmed. Salutary views 
of the importance of industry, order, morality, and 
public economy, wero most happily united to a 
happy versatility of talent in physical research, to 
unwearied paticuec and great liberality, in effccling 
one of the greatest social reforms on record. The 
strict statistics of a great house of industry were 
ascertained with reference to the most seemingly in- 
significant details, and, in particular, all the appli- 
cations of Heat to the physical wants of mankind 
were studied with equal assiduity and success. The 
wArmih of clothing was traced to the amount of still 
lur entangled amongst its fibres,.— the dissipation of 
licat, whether from a thermometer or a kitchen boiler, 
was classified under radiation, conduction, and con- 
vection, the last and often most important of which 
(signifying the influence of currents in liquids and 
gases in conveying heat by the changing density of 
their parts) had hardly before been recognised, or at 
least made the subject of formal experiment, — the 
effective heat due to the combustion of different kinds 
of fuel, teste<l by a calorimeter of his own invention, 

— the economy of light based on an investigation of 
the properties of flame; — these were but a few of 
the trains of enquiry, of which his Mendicity House 
was the primary object. Charity and sdenoe went Practical 
hand in hand; and when we award to Watt 
highest honours for an invention which enabled him“‘^‘^“** 
to create mechanical force at an economy of two- 
thinls of the coal previously consumed, shall we 
deny Rumford a civic crown for having so improved 
the methods of heating apartments and of cooking 
food, as to produce a saving in the precious element 
of heat, varying from one-half to nevtn-eightkt of the 
fuel previously consume<l When wc consider the 
cnonnons price of wood in nearly every pert of the 
Continent, the destruction of forests which has oc- 
curred, and the consequent injury to the climate, as 


* Iq the ho»plul of Verims he roduced tho coopumpdon of wond to Sons od» wittily paid of Romford, that b* 

Would Dot reft aniU ha bad cooked bia dlnaer with bit nalgbboor'a imoka. 
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well as to the material wealth of many districta, we 
are disposed to give Rumford a higher place than haa 
generally been accorded to him. Had his excellent 
principlca been universally carried out, some millions 
ateriing would have l>een saved to every large state 
in Europe. Fontenelle characteristically says of a 
certain sauunt, who rootle experiments on nutrition, 
with a view to carry fasting to the utmost practicable 
extent, that his researches hml the double aim of 
a place in heaven and in the academy. Cuvier, who 
teiu the anecdote in bis Klvjn of Rumfonl, adds, 
that the latter had a truer claim to the questionable 
compliment. That science is surely not despicable 
by which a pound of wool, of fuel, or of food, can be 
made to go one-half farther than before in warming 
the naked and in feeding the hungry. 

Rumford’s cx{H;riment8 were made with admir* 
ripcri> precision, and recorded with elaborate fidelity, 

m«au. and in the plainest language. Everything with him 
was reduced to weight nnd measure, and no pains 
were spaml to attain the best results, ilis experi* 
monts on heat, and the properties of bodies in con- 
nection with it, are the most important. He first 
applied steam generally in warming fluids and to the 
culinary art. He maintained the paradox of the 
non-conducting power of liquids, which, though prac- 
tically true, appears not to bo rigorously so. He 
contrived many ingenious instruments; but his ther- 
moscopc, identical with Leslie’s diderential tbermcv 
meter, was probably of later invention, if not in 
some measure borrowed from it In like manner his 
proofs of the maximum density point of water were 
unquestionably suggested by I>r Hope's beautiful ex- 
periment, although this derives its meaning from tbo 
laws of convection, which Rumford first established. 

(636.) That water expands in bulk below tbo temperature 
nrOopeoaof 30 ^ or 40° Fnhr. until it freexes, is a foct which 
tbs lu^E- j asserted since the middle of the seventeenth 
•itj point century. But for 150 years its great improbability, 
of water, and the unquestionable uncertainty introduced into 
the result by the irregular expansion of the contain- 
ing vessel or gloss of the thermometer, enabled scep- 
tics in every generation to withhold their assent. Per- 
haps the last who doubted was the illustrious Dalton. 
He allowed himself however to be convinced by Dr 
Hope’s experiment, in which the temperature of the 
denser and rarer wab'r is measured by two thermo- 
meters placed at the bottom and top of a cylindrical 
jar, and nothing interferes with the natural tendency 
of a fluid to arrange its particles according to their 
specific gravity, tlic lighter resting on the heavier 
ones. It is to be regretted that Hope did not pro- 
secute original enquiry, for which the conception 
this experiment, and the mode in which he conducted 


it,^ show that he hod cxocllcnt qualifications, ilopc 
was first tlie colleague, then the successor of Black 
In the chair of chemistry in Edinburgh ; and in his 
time probably the most popular teacher in Europe 
of that scicuco. Hu di<d on the I3th June 1644, 
in the seventy-eighth year of his 

Rumfonl’s name will l>e ever connected with the (637.) 
progress of science in England by two circumstances ; 
first, by the foundation of a perpetual medal andRoy^a-* 
prize, in the gift of the Council of the Royal Society •liintlun. 
of London, for the reward of dis<x)vcric8 connected 
with Heal and Light; and secondly, by the estab- 
lishment, in 1800, of the Royal Institution in Lon- 
don, destined, primarily, for the promotion of original 
discovery, and, secondarily, for the diffusion of a taste 
for science amongst the educated classes. The plan 
was conceived with the sagacity which characterized 
Rumford, and its success has 1)ccn greater than could 
have been anticipated. Davy was there brought into 
notioe by Rumford himself, and furnished with the 
means of prosecuting his admirable experiments. 

Ho and Mr Faraday have given to that institution 
its just celebrity with little intermission for half a 
century. 

Rumford spent his later years in Paris, whore he (633.) 
died in 1814. The estimation in which he was then Runford's 
held may be judged of from the fact, that he was 
ouc of the eight foreign associates of the Academy 
of Sciences, lio was very capable of having done 
more for science: the versatility of his talents, the 
accidents of hU early life, and Uie strong hold which 
principles of philanthropy and public utility always 
exerted over him, account for the absence of more 
sustained and erudite researches. But in those very 
particulars he deserves to he cited as a practical phi- 
losopher, as to many things in advance of his age, 
and a benefactor both to science and to mankind.’ 


In the history of pure science RumfonI will l>e (639.) 
chiefly remembered by his espousing the (not new) 
theory that heat couarils in a motion of some kind nsiuro 
amongst the particles of matter, in opposition to the o( b««t im- 
opinions then so prevalent amongst chemists, which 
almost tended to regard it as an clement capablo of 
forming combinations, ilumford'a view was mainly t>«riv«4 
based on the facts of friction, which ho showed to be 
irreconcilable with the notion of a clumge in the spe- 
cific heat of the nbra<led matter, and to be seemingly 
inexhaustible so long os the force producing friction 
is continued. His conclusion was, that the heat 
then generated cannot be a srtbstance, but an afleo- 
tion of body of the nature of vibratory motion. The 
amount of heat evolved in boring cannon is very 


* EUimturyk IVaiututioiu, Tot. v. 

* Kumfurd married (for the secood time) I^erntsier's widoir ; bil daughter (by bis first marriage) became XIadame Cavter. 
lienee CuTier'a of Rumford contains the most authentic particulars of bis life. Madame Romford sorrirod until a few 
jeam since, residing at Faria, where abe formed s link between the M*a« uf the age of Lavoisisr, and those of the middle 
of the nineteenth century. 
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cin operation with whicfa« ob we have seen, he 
was professionally connectod. In one cxpchincut, a 
•teeMiorcr press>c^ with a force of 10,000 lbs. against 
gnn tnctal, and rovolring 32 times in a inmute, gene- 
rated in 2^ hours the heat necessary to boil 18^ Ihs. 
of water. It is probable that Runiford carried hU 
views so for as to infer a necessary and constant 
relation between tbo quantity of heat generated and 
mechanical action expended ; and if we take an csti> 
mate of horse-power more conformable to reality 
than the nomin^ horse-power of Watt (33,000 lbs. 
raued 1 foot in the minute, which is too great), we 
shall find a tolerable approximation between hts re- 
sults and those now generally admitted. Davy fa> 
Toured Romford's theory, but the mechanical ques- 
tion remained for 40 years almost UDConsidcrcd. 

(640.) At length, about 1845, Mr Joule of Manchester cn- 
vU^idb ^ establish a rigorous connection between 

Vr Joule, tkc mechanical cdbrt e-xpended and the heat geno- 
MKhsnicsl rated by friction ; and he appears to have satisfac* 
torily established [Phil. Trail#., 1850) tliat in the 
^ ' case of water agitated by beaters, the u^orl; expended 
by the fall of 772 pounds through 1 foot is capable 
of raising the temperature of a pound of water by 1° of 


Fahrenheit.^ Mr Joule's experiments and inferences, 
however, go much farther than this, namely, that in 
all drcumstauces where heat is generated, it is at 
the expense of a precisely similar equivalent of 
chanical cHbet ; and conversely, that mechanical effect 
is never uffd up, without a corresponding evolution ' 
of heat, and (hat tills is the case whatever he the 
fluids or other substances employed. Thus in the 
steam-engine the iKwsible cflicicncy of the engine is 
only limited by the mechanical effort due to the heat 
given out by the condensc<l steam. So the heat given 
out by compressed air represents the force expended 
in compression ; and even the heat produced by voltaic 
or magnetic electricity is that which corresponds to 
the work it might do. A step farther leads to the 
equivalence of heating effects by chemical combina- 
tion to the amount of energy which, differently di- 
rected, might have been realized in the shape o( 
work ; and though a larger induction is still required 
to justify all the conclusions which the zealous pro- 
mulgators of this comparatively new mechanical 
theory of heat*' have advanced, it cannot be doubted 
that there is a basis of im|>ortant truth in the matter 
which well deserves farther enquiry. 


jt 6. Sir Johk Lgslik . — Ettahlithment of certain Laws of Radiant Heat. — Pictet — Prevoat. 


(Ml.) The fact that heat is radiant, or passes through 
fi^Joho (pjice In the manner of light, apparently disengaged 
prog^of vehicle, became known at an early 

th«*ci4>nc« period. Porta in the sixteenth century, and the Flo- 
rwtlitDi rcniine academicians in the seventeenth, bod reflected 
****** beat by mirrors. Marriotte and Xewton respectively 
assignei some of the laws which cliarocterize it. 
Lambert, in the middle of the last century, mode 
some real advances, but it w*as not until the very 
close of that period that heat in the radiant form was 
carefully and systematically studied. The group of 
philosophers simultaneously engaged on it consisted 
of Leslie, Rumford, Herschel, Pictet, and Firvost. 
The two last named were earliest in point of date ; 
but 08 we owe to Leslie by for the ablest series of 
experiments, and which for many years, and even to 
the present time, have formed part of the boily of 
science, we shall connect his name principally with 
this section. 

HU^* i JoHS Lsslib, bom in 1766, completed his 

studies at a very early age in the University of St 
Andrews. From boyhoxl he was remarked fur a 
<lecide<} and independent turn of character ; and as 
his favourite studies were mathcmatica], he for some 
time pursued them to the exclusion of the classics. 
Ultimately, however, be attained also to a respect- 
able knowlodgo of these, and by bis strong natural 


talents, and his love oS reading, ho acquired an im- 
mense stock of information on all sorts of subjects. 

This bo displayed not only in his conversation, but 
also in his writiDgs on technical and purely scienti- 
fic matters, in which he ft^ucntly introduced with- 
out much apology illustrations from his miscella- 
neous rcodiug, and even metaphysical disquisitions. 

At is frequently the cose in persona addicted to ( 64 S.) 
natural philosophy, his first original researches wore ••my 
connected with mathematics. Playfair, who 
eighteen years his senior, encoura^ and directed electricity, 
him ; Ivory, who was almost his contemporary, and 
also his fellow-student at St Andrews, was per- 
haps DO less influential in confirming his geometrical 
tastes. The former communicated Xieslie's first ori- 
ginal paper to the Royal Society of Edinburgh in 
1768. It was on IndetcrnuDate ^uadons, and was 
printed in their Tr^insactions. Down to this period 
we have no record of his being cogagod in original 
experiments ; but it is probable that such was the 
case, for in 1790, and the following years, we have 
evidence not only of his having speculated on subjects 
of natural pliilosophy, but also that he had made 
experiments intended to confirm or refute prevailing 
theories. A paper on Electrical Theories was read 
to the Royal Swietj of Edinburgh, which, finding 
them reluctant to print, ho withdrew, and he only 


I To RuBford, 1 beli«T«, it du» ths attempt (1b coDfomiity with this view) to etcertaiB the beet developed by the friction of 
flttidt. for iotunee in churniag (which, 1 think, was ooe enperiiMOt proposed by him), bat 1 hsvs not bera able to find a 
referoocs to it OBOogat hie scatter^ writings. 
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publisliod it more thnn thirty years after, when cer- 
tainly it was not calculated to mlrancc science in a 
perceptible degree. An essay on Heat and Climate, 
read at the meetings of tho Uoyol iSociety of London 
in 1793, had not a more favourable reception; and 
though published twenty-six years later in Thomson' $ 
AnnaUt it was refused a place in the Philo»ophic<tl 
Tranaoctions. The author, no doubt, attribiiUd thene 
rejections to the boldness with which he criticised 
opinions currently received, and to the novelty of 
the views which were ebaduwed forth ; but something 
is, no doubt, to be allowed for the real immaturity of 
these works, the involved and even inHated style in 
which they were written, and the questionable evi- 
dence for some of the conclusions. In these, and in 
some subsequent scattered pa|>ers in NichoUona 
Joumnl^ we observe, with all tho faults, yet many of 
the merits of those researches which afterwanls made 
him justly famous. We find acute observation, in- 
genious, if not close reasoning, considerable inven- 
tiveness in imagining experiments and in cbnstructing 
apparatns, and a general tendency to express physi- 
cal laws in a mathematical form. It must be con- 
fessed, that these merits were united to a good deal 
of dogmatism, and a somewhat supercilious judgment 
of persons emiuent in science whose years and at- 
tainments should have commandc«I respect. This, 
however, is a fault which many ardent students not 
very conversant with the world have had abundant 
occasions to regret at leisure. W'hether or not ho 
believed Sir William Herschel to have hatl some 
shore la the refusal of his paper by the Royal So- 
ciety I do not know, but it is di^eult, oil other 
grounds, to understand the bitterness with which he 
Gxpresse<l himself as to that eminent person, in con- 
nection with his experiments on heat. 

(644.) One of the circumstances which most contributed 
Trsvelf. encourage Mr Leslie’s taste for experiment, was 
his engagement for above two years as tutor and 
companion in the family of the ingenious Mr Wolg. 
wood. Another was the opportunities which ho 
found or made for himself of foreign travel. "VSIth 
or without companions he visited, in tho early peritxl 
of his career, America, and most of the northern 
countries of Enropo, particularly Holland, Germany, 
Switxcrland, Swwlcn, and Norway, lla also medi- 
tated a journey to Egypt and the East, a project 
reluctantly abandoned. an«l to which he reverted even 
in the last years of his life ; but it was never earrie<l 
into effect. Nothing, perhaps, fosters so surely a 
taste for science as such extended tours; and the 
acquaintance made under tho most agreeable cir- 
cumstances with foreign philosophers, and tho fami- 
liarity gaine<l with their Innguagc and experiments, 
contributes to it in no small degree. 

(645.) We have now come to the period of Mr Leslie’s 
fi^*^r*^** Jif'i-* when his character and position became csla- 
blished, the first by the publication of his Erptri- 
mentol Inquiry into the Nature and Fropayation of 


Heat^ in 1804; the latter by his appointment to the 
chair of mathematics in the University of Ekiinhurgh 
in 1805. 1 shall first say a few words on his cha- 

racter as a mathematician. 

Mathematics were, as has been stated, Ills earliest ( 646 .) 
pursuit, and he cultivated them with groat industry Mathmsti- 
and success. His adviser, Playfair, was attache*! 
to the methods of tho foreign mathematicians; and ^ 

Leslie no doubt acquired from him, as well as from 
his continental friends, a taste for the notation of 
Leibnitz, then hardly employed in this country, but 
which he uses in his work on Heat, and elsewhere. 
Nevertheless, his real preferenoo apjieara to have 
been decidedly geometric. Ho almost always pre- 
fers demonstrations, whether in mathematics or na- 
tural philosophy, in the manner of Huygens and 
Newton. He could hardly be called a discoverer in 
mathematics; but his work on Goonietrieal Analysis 
and tho Higher Curves shows much taste and know- 
ledge, and IS justly commended byChasles and other 
foreign writers. His attempt to replace Euclid’s FAe- 
mciite by a new work on Elementary Geometry was 
not more successful than such attempts have usually 
boon. 

Unquestionably, the bent of Leslie’s mind was 
to physical research, in which ho showed a peculiar 
talent; and his selection of Heat was, as we haveoftheiub. 
hinted, well-timed; since there appeared a con- of 
vergenoo of attention to the subject, such os usually 
heralds some eminent discovery. The doctrines of 
heat in combination, of which wc have already spoken, 
had engaged the attention of Black, Cavendish, and 
Lavoisier; the subject of meteorology, in which Leslie 
took the greatest interest, was becoming a science in 
the hands of De Saussure and Dcinc; whilst Pictet 
repeated (without being aware of the anticipation) 
the curious observation of Porta on the apparent con- 
ccntraiioD of cold by a concave mirror. As this ex- 
periment really opened anew the subject of radiant 
heat, wo shall dwell for a moment on Pictet’s labours 
and their results. 

Geneva was at this time nearly in the zenith of its 
reputation as a nursery of the sciences. The most 
eminent and independent of its citizens were jwoiid 
of being also amongst its instructors, and the office 
of professor was then, as it still is, considcrc<l one of 
the most honourable in the state. About 1790 De 
Saussure, tho most eminent physical geographer of 
his time, was in the vigour of his intellect, and amongst 
his friends and comljuters klAac-AuocsTi Pictet 
held a conspicuous place. The latter was professor 
in the Acmiemy, and being a person of popular man- 
ners and great information, was known and esteemed 
by the learned throughout Europe. He was the 
author of numlwriess papers in a scientific jour- 
nal which he edited ; but liis work on fire — F-asai aur 
le Fev — published in 1791, was his principal pub- 
lication. It contains some good obeervations on latent 
and specific heat ; and on the power of different kinds 
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of sarfacca to reflect and abeorb it. Uc noticed tho 
different heights at which a blackened and a bright 
thermometer stand even when exposed to common 
dajlight; but so far as I have ob^rved, he did not 
distinguish the effect of colour in absorbing heat when 
that heat U accompanied by light or the reverse; and, 
indeedi this portion of his work stops short on the 
threshold of most interesting enquiries. Ho showed 
that radiant heat travels with great velocity, and ob- 
served the beating and cooling of thermometers in 
exhausted receivers. His work also contains obser- 
vations on hygrometry, on some points of meteoro- 
logy, and on the heat of friction. Indeed, its chief 
fault is embracing so many topics in so short a com- 
pass, thus preventing him from thoroughly examin- 
ing any one of them. To Pictet is due tho establish- 
ment of meteorological observations at the convent 
of the Great St ^mord, which are amongst the 
most interesting which have ever been made, and 
which arc still continued. He died in 1825, at the 
age of seventy- three. 

(649.) The interesting experiment of the reflection of cold 
nwv»«bi7 PiXRRx PRBTOST, one of Pictet's colleagues, to 
isjulH- devise tho theory of ** the Moveable Equilibrium of 
bHus) of Heat*’ His idea is, that heat is a substance associated 
with bodies, of a highly elastic nature, and continu- 
ally given off from them in proportion to their tem- 
perature, which may represent the (ension of the 
imaginary elastic fluid. When tho temperature of a 
body is stationary, it is (according to this view) be- 
cause it receive^ by radiation from surrounding bodios 
exactly as much heat as it parts with in the same 
way. The general structure of this theory was sus- 
tained by the experiments of Leslie, and by some 
later ones on the law of cooling by Dulong and Petit, 
which, indeed, realize it in a remarkable manner, 
Provost first published his ideas iu 1791, in the 
Journal dd PAyriguc, and afterwards in a special 
wurk. Prevost was a man of an active and vigorous, 
rather than profound intellect He was a foreign 
member of the Royal Society, and died in 1839, at 
the advanced age of eighty-eight. 

(6S0.) We now come to speak of Leslie's important Ettay 

on Heat which received from the Royal Society the 
/fMt—IHr- distinction of the Rumford medals, and which pro- 
fprccitMl cured for him a European reputation. It is a work 
difficult to analyze, from the very fact, tliat its con- 
struction is fragmentary, and its arrangement desul- 
tory and obscure. Our limits will only allow us to 
mention the methods of research and their chief re- 
sults. As a thermoscopic instrument, he used a 
modification of the common air thermometer (which 
last had been employed by Pictet), which, having two 
balls at a certain distance, connected by a bent tube 
containing a coloured liquid, showed tlie of 

temperature of the balls; and being hermetically 
closed, was free from the disturbing variation of at- 


mospheric pressure, This he called the diflierential 
thermometer. A similar instrument had been de- 
scribed by SturmiuB iu the seventeenth century. 

Whether Leslie had any previous knowledge of this 
docs not appear; but, as Dr Young very correctly 
observes in one of his anonymous critical articles,— 

The principle of the differential thermometer is too 
simple to be called an invention, and it is only by 
its ingenious application that Professor Leslie has 
made it an object (ff attention.” He usually em- 
ployed as a source of heat a canister of blo^ tin, 
filled with boiling water, and having sides with dif- 
ferent surfaces. The radiating or emissive effect ofEmiwi»e 
these surfaces was measured by the rite of the thcr-*f^‘ 
mometer exposed to their successive influence in the^^rf•e^ 
focus of a metallic reflector. The result showed a 
great variety of effect, varying from 100 when the 
surface was blackenc<l, to 12 when it was of polished 
metal. Tho absorptive power of surfaces to non- 
luminous heat is also in exact proportion to their 
emissive power — a property which seems essential 
for preserving the equilibrium of like temperatures. 

Anollicr and not less important law clearly esta- (6S1.) 
blishod by Leslie was this, lliat the radiation of 
from a plane surfaCb takes place with unequal force^f mdteai 
in diflerent directions.^ When the specific bcatingbwu. 
power or density of the calorific rays is estimated in 
a direcrion perpendicular to tho surface from which 
it emanates, it is found to be a maximum. At any 
other angle with the surface, it varies as the sine of 
tho angle. This law (which Fourier showed later to 
be necessary for the equilibrium of temperature) 
obtains also in tho caso of light. Hence the appa- 
rent specific brightness or warmth of a surface is 
the same under whatever angle it is viewed with re- 
ference to the plane of the surface, which, when 
placed obliquely, contributes rays from a larger ex- 
tent of surface, owing to the foreshorteoing, but being 
weaker in tho samo proportion from every point, the 
aggregate eflect is the same. Some iutcresUng ex- 
periments were made on tho number of coats of 
isinglass necessary to effect a complete transformation 
of the metallic into the gelatinous surface, which was 
found to be considerable ; and, in like manner, the 
reflective character of metals was only very gradu- 
ally destroyed by varnishing. This observation, 
rightly interpreted, showed that some solids arc per- 
meated by radiant heat, a conclusion which Mr Leslie 
utterly rejected. 

Another fundamental experiment less decisively 
proved was, that the law of radiation varies inversely 
as tho 64}uare of the distance. Perhaps tho mosCaqoarcof 
convincing, as well as the simplest proof of this hastb* di»- 
been given more n*ccntly by Melluni. If a delicate 
thermometer or other apparatus for measuring radi- 
ant heat be confined in a case, so as only to a<lmit 
rays coming within a definite angular space^aod if 


* Tbl> result hid uUmmI/ beeo untkipat«d by Lsabsrt; Pyr^morUy p. 197. 
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tli« izutrmnent be placed in front of an indefinito gcnorollj called " conToetion/' that is hy currente 
plane (inch as a wall) hotter than itself — the rise of which the oommunication of heat itself produces ; the 
temperature will be precuelj the same, whatever be other, “ pnlsatorr/ which corresponds to what is 
the distance at which it is presented to the heated usually termed radiation, but which Leslie persisted 
surface. in believing to be due to tremors propagatiid in mr, 

The influence of colour on the heating of bodies after the manner of sound, and with the same yelocit}'. 
was considered by I^slie in an original manner. It In the concluding chapter of the work before us he 
was found to be effectual only when the radiations are coosidera the cooling efl’cet of different gases, and of air 
luminous. A thermometer painted black or white of different degroee of rarefaction ; and this last ex> 

(prorided the ferturs of the surface be the same) pchment might, one would have thought, have satis- 
parts with its heat, and also absorbs the heat de- tied him of the fallacy of his opinion ; since, taking 
rived from such a source as boiling water, in an al- his own numbers, when air is rarefied 1024 times, the 
most equal degree. The effect depends chiefly on the ** pulsatory energy” is only diminished one-third port, 
degree of polish or condensation of the surface. But In fact, it appears as if his work broke off abruptly, 
with luminous sources of heat the case is widely dif- when the course of observation became irreconcilable 
ferent This subject had been carefully considered with the opinions advanced in the early part of it. 
previously to the date of Leslie’s work by Sir W, After this analysis of Leslie's greatest contribution (6fiA.) 
Hcrschel, who had studied the absorbing power of to science, I cannot afford space to dwell upon his minor 
different colours on the sun's rays. Black and white minor inventions. I pass over them, however, with 
form the two extremes, and Leslie availed himself of the less regret because they have been fully dwelt uport- 
this principle to construct his photometer, which ccr- upon in his “ Dissertation,” of which the present is a mut. 
tainly (whatever may he its defects) is an eluant mo- continuation, and in his articles on Cold and Meteo- 
dification of the differential thermometer. It is an rology in the Kneyclopte>iia. The most original and 
instrument having one ball of black, the other of important of these was his very beautiful process of 
pellucid glass, and united by a tube of the form of pr^ucing ice in quantity by the cold of evaporation, 
the letter U, containing sulphuric acid tinged red as in the receiver of an air-pump ; rendered effectual by 
an indicator. As the texture of the surfaces of both his ingenious use of absorbent surfaces for with- 
balls if the same, dark heat is equally absorbed by drawing the vapour. This experiment was completed 
both, and the indicating liquid remains stationary, in 1811, and aUracted mucli attention. Itwasoon- 
But in the sun's rays, or even in common daylight, nected with his researches on hygrometry, to which 
the dark ball Ifocomcs most heated ; and it is not he also adapted his differential thermometer. But 
unreasonable to conclude, that ifAm the source of in the development of this difficult theory, he was 
heat remoini the same, its variations of intensity are less successful, nor indeed could he well be so, whilst 
correctly shown. Leslie, however, erred in consider- he adhered to the old opinions respecting the affinity 
ing that it was applicable to measuring light differing of air for moisture. 

in origin and quality on a comparative scale; and Having filled the Mathematical Chair from 1805 to (6Sd.) 

this error he unfortunately persevered in, afVer un- 1819, Leslie was in the latter year translated to lliat^^^^hto 

questionable experiments had shown its fallacy. of Natural Philosophy, vacant by the death of Play- 
The Essay on Heat contains an elaborate and fiur. He hod a good collection of apparatus, and de- 
ingenious research into the law of cooling of bodies, rise<l many ingenious experiments. In 1820, he was 
inclnding the effects of mass, surface, contact of air, elected corresponding member of the Institute of 
currents of air, and likewise of inclosiire of the cool- France, and died on the 3d November 1632, at the 
ing body in successive envelopes or thin cases ; and age of 60, having received the honour of knighthood, 
the author ingeniously compared the results of actual on the recommendation of Lord Brougham, but a few 
experiment with formula based on principles more months before, 
or less theoretical. But a fundamental error unfor- 
tunately runs through all this research, and shows In closing this brief sketch of Sir John Leslie's (AST.) 
in a striking manner the fatal influence of theo- career, we cannot fail to observe the combination of M it pWlo- 
retical preconception steadily maintained through a unusual powers with unusual drawbacks to IheirJjT^^ 
course of experimental enquiry. He starts with the complete and vigorous exertion. Whilst be had the iq Kmo 
notion, that the presence of air is essential to the chief merits, be had also the most serious defects, of poists d«> 
propagation of Heat, generally called "radiant.” In the self-formed student He was ardent and ambi- 
fact, for radiation he usually substitutes the word tious in the pursuit of knowledge. He must have 
" pulsation,” and ascribes the effect of surface in mo- been for many years a hard, if not a methodical stu- 
difying the cooling of bodies to its faculty of trans- deni ; he united good mathematical knowledge with a 
mitting pulsations or tremors, more or less readily, real love of experiment ; he was gifted with a strong 
to the vehicle of the air. Ho was indeed compelled memory, and confident in the exercise of all his 
to admit that air had a double agency ; one abdne- powers. Why, with so many advantages he did not 
tive.” as it draws off heat by contact and by what is achieve more, nor put forth even wl^t he did to 
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greater advantage, was mainly bccauee he yielded to 
the guidance of an imagination which often carried 
him into fanciful apoculation, yet which was strangely 
united with dogmatism in maintaining what ho had 
once maintained, and a disposition to acenso others of 
misinterpreting nature, whenever they arrived at con- 
clusions inconsistent with his own. 

In such sciences os those wliich ho chiefly culti- 
vated, — sciences eminently progressive, imperfect, 
ami dependent on ox|x<rimGntal proof, — a just appre- 
ciation of the labours of others is one of the most 
essential parts of the philosophic character, whilst 
an absence of it infallibly condemns the dogmatic 
theorist to be gradually left behind, even in the paths 
which be had at first trod with the greatest distinc- 
tion. With few exceptions. Sir J. Leslie carried his 
scientific views of 1804 with him to the grave. The 
possibility of the passing of beat, except solar and 
highly luminous heat, through any solid body, such 
as glass, though proved by Mayoock, Do la Roche, 
and Powell, — the existence of dark heating rays in the 
sunbeam, less refraugiblo than the red, demonstrated 
by Herschel, and afterwards confirmed by many 
others, — the doctrine of gases and vapours as laid 
down by Dalton, — the maximum doosity point of 
water shown so ably by Hope and Rumford, — the 


existence of climates in the arctic r^ons of which 
the mean annual temperature does not exceed O'* of 
Fahrenheit, proved by Parry and his successors, — 
all these, and many other demonstrated truths in his 
own peculiar walk of science, were, wo fear, practi- 
cally ignored by him throughont life. (699.) 

But we willingly leave the ungrateful task of indi- Mvritofhli 
eating defects. Let us recollect rather with pleasure ^**J^”**”" 
how much we owe to his beautiful discoveries. It is narrh** 
perhaps not an insignificant test of their originality, 

Uiat though they were generally adopted (at least to 
the extent which hts own experiments justified), Les- 
lie's oliservatiotis were but rarely repeated, and that 
only in the way of general confirmation and illustra- 
tion. I mean that for a great many years the path 
which he had opened, and the methods which he de- 
scribed, were not seized upon by others, as leading to 
a sure course of discovery. Until the time of Dnlong, 
his experiments on cooling were perhaps never care- 
fully resumed, and a very great nurnlw of his sub- 
jects of enquiry were only taken up thirty years after 
their publication, as we shall see in a future section. 

The observations of Herschel on tho Refrangibility (660.) 
of Solar Heat, I shall includo in tho notice of the 
experiments of Bcrard and Do la Roche, to which 
we shall presently turn. 


§ 6. Fodribr. — Mathematical Theory of the Conduction of Ilcai. Lambert; Poiaion. — 
Temperature of the Earth and of Space. 


(661.) It is stated by Arago, that when the Acailemy of 
Tbsory of Scienccs, above a century ago, proposed as a prize suV 
Nature et la Propagation du Feu adding, 
>-Lsai- ** lo question nc donne presquo aucun prise k la geo- 
b«rt. metric,’* — a majority of the candidates treated of tho 

methods of preventing the burning down of honses 1 
It is true, however, that on that occasion, Enler sent 
a memoir which, though crowned, was unworthy of 
his genius. Lambert in his “Pyrometrie,”in 1770»^ 
had tho rare merit of laying the foundations of the 
science of conduction. He solved correctly this ques- 
tion ; — If a thin conducting bar of indefinite length 
be kept with one extremity heated to a constant degree 
above the surrounding space, required the tempera- 
ture of any point in the axis of the barP* The solu. 
tion is, tliat tho tompcraturcs, or rather excesses of 
temperature, diminish in a geometric ratio, at dis- 
tances reckoned in arithmetical progression, from the 
origin of the heat’ In this solution it is assumed, 
(1.) That tho flow of heat along the bar, is at any point 
proportional to the rapidity with which the tempera- 
ture at that part of the bar is lessening as we recede 
from the source ; in other words, that the flow of beat 
from the hot part to the cold part, is more rapid in 


proportion os the diflerenoe of temperature of two 
sections of the bar at a given short interval is greater. 

(2.) That tho bar parts with its heat to the surround- 
ing space, exactly in proportion to its excess of tem- 
perature at every port. 

This beginning, which perhaps like many of Lam- (662.) 
bert’s other writings was not very generally known, 
had no sequel until 1804, when M. Biot attempted to 
find the differential equation of the general movement 
of heat on the same principles. But the form which 
ho obtained, including a mathematical solecism, be- 
trayed some error in stating the conditions. Three 
years later Fourier had more success. Bat, conform- 
ably to the plan of this discourse, I shall premise 
some facts regarding his early career, which was far 
from o;mmonplace. 

Joseph Fourier was bom in 1768, at Anxerre in (663.) 
France. Ho was of humble p.arentage, and being FouH«c— 
early left an orphan, was educated by the Benedic- 
tine monks who, singularly enough, conducted with 
success in that town a military school. It seemed 
his fate to become either a priest or a soldier ; yet he 
was neither, though ere long familiar with camps. 

He became first a pupil of the old normal school of 


’ odtr, Uatute d*$ Fmen im<f d«r ITcinM. B#rUo, 4to, 1779. Tbis work WM potlbutoout. sod coDUltu eoAOj 

riglool otMrvsUou on TbenDomotrj, Coodoctioo, 6oUr HadUUoo, sad CUotste. « Pyromaru, p. 164. 
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P&rU. when Lagrange. Laplace, and Berthollet were 
amongat the professors. He had already presented 
to the Academy, at the age of 21, a paperon the uu* 
metical solution of cijuations, a subject of predilec- 
tion with him, and to which we shall presentlj return. 
After leaying the Normal School, he was named one 
of the original professors of the Polytechnic School, 
a station of which ho was justly proud, but from 
wliich he was withdrawn by the requisition to join, 
along with Monge and other saifani, the Expedition 
to Egypt under Napoleon. It was the singular fancy 
FftTp- of that extraordinary man, to create an Egyptian 
lUn la«U- IntUixAte^ of a constitution similar to that of France. 

Fourier was perpetual secretary. But it proved little 
better than a waste of talent The arts of Egypt were 
not regenerated, and France was despoiled of some 
of her ablest philosophers. Fourier had quite as much 
to do with battles and treaties as with equations and 
experiments. Yet he often referred afterwards with 
partial reccllection to thoec stirring timee, and re> 
counted, with the ardour of a somewhat garrulous 
temper, the yaliant feats of arms which he had wit- 
nessed. Fourier edited the account of the Expedition 
to Egypt, and wrote the historical preface, the com- 
poeitioD of which ultimately procutcd for him a seat 
in the Acadimie F'ran^iitr. 

On his return to Europe, he was appointed Prefect 
Fouritr Is^re in 1802, and Grenoble became his 

^rwUj* homo for some years. Whilst he devoted a just 
tb» sBsly' share of his attention to his public duties, be found 
ticAl fora time to produce his greatest work, TAe Analytical 
His first paper on this subject 
ooDdnettoo- dates from 1807. It was communicated to the Aca- 
demy of Sciences, but not printed. The subject was 
however proposed for a prize, to be decided in 1612, 
when Fourier's essay was crowned, but, strange to 
say, not published. The cause, it is to he feared, lay 
in the jealousy of the greatest mathematicians of the 
age. I^plaoe, Lagrange, and Ijegendre, the committee 
of the Academy, whilst applauding the work, and ad- 
mitting the accuracy of the equations of the move- 
ment of heat thus for the first time discovered, insi- 
nuated doubts as to the methods of obtaining them, 
and likewise as to the correctness of the integrations, 
which were of a bold and highly original kind. 
T*rd onb-*^®*® disparaging hints were not supported by any 
liemUra— ptccisc allegations ; and we can scarcely blaifle Fou- 
Hvsiry io ricr for feeling indignant at the tyranny of the matho- 
ch« liuU- matical section, and little disposed to regard with 
favour the fsw and comparatively insignificant efforts 
of several of its members suhscquently to ratify and 
extend the discoveries which he had unquestionably 
mode. The manuscript, after lying for twelve years in 
the archives of the Institute, where it was consulted 
by different persons, was finally printed, worti forwor^l^ 
as it stood in 1812.* Fourieris long absence from 
Paris in a remote provincial town, rendered this in- 


dignity possible at first; and afterwards, it was his 
misfortune to bo unable to hold a political station 
without offence, amidst the violent intestine conflicts 
with which France was afflicted. He alternately dis- 
pleased bis old master Napoleon and the Bourbons, 
and the consoquenoe was, that after the Restoration 
he found himself dispossessed of every employment, 
master of not one thousand pounds, ami reused by 
the government even a seat at the Institute. This 
indigence, so honourable to himself, and this neglect, 
so disgraceful to others, tended, no doubt, to increase 
an irritability, such as intense mental exertion often 
produces, and which the injustice of his scientific 
countrymen had already aggravated. Finally, how- 
ever, be received a modest post connected with the 
civil administration of the department of the Seine; 
he was alio elected a member of the physical section 
of the Academy of Sciences, and ho finally bocamo 
perpetual secretary of that body. 

FourieFs papers on Heat show a remarkable com- (^ ) 
bination of mathematical skill with a strict and 
cise attention to physical considerations. In thishe«ion^s- 
excels almost every writer of his time, and especially psriiMots. 
his colleague and younger rival, Poisson. His expe- 
rimental skill is not to bo so highly praisod, although 
he illustrated several of his solutions by actual trials, 
which he submitted to calculation, and showed to 
agree with theory. Their degree of precision, how- 
ever, hardly allows them to bo considered as ietu 
of theory. 

Fourier assumes the correctness of Newton's law, ^ 
as well for communication of heat from point to point AMomp- 
of a solid, as for the external radiation by which it*^«woftlw 
parts with its heat into the surrounding space. 
the former case, the flow of heat is proportional Io 
the rapidity of the depression of temperature, in the 
direction in which the motion of the heat is considered; 
in the latter, it varies as the excess of temperature 
of the $urface of the hot body above the surrounding 
•pace, affected, of course, by a constant depending on 
the renting power of the surface. These, as I have 
said, were also the Postolates of Lambert’s solution. 

Fourier’s researches, fortunately perhaps, preceded 
for the most part Dulong and Petit’s enquiry into the 
true law of cooling. I say fortunately, since other- 
wise Fourier might have been discouraged from at- 
tempting the solution of problems which are highly 
imfiortant even in an approximate form. 

With regard to the law of radiation, Fourier had (W7 ) 
the merit of showing, for the first time, the mewity of^*^J^^ 
licslie's experiment^ law of the intensity of emonatedof enaju- 
hcat being proportional to the sine of the angle whichtlcm. 
the direction of emanation makes with the snr&oc. 

This be considered both mathematically and physi- 
cally. Mathematically, he showed that were this law 
not true, a body might be maintained for an indefinite 
time wiUiin an envdope of constant temperature, and 


^ See Fourier's aoU st the oomBeDoeBeat of bU paper, la Ifenoira of tbo Institute for 1819 (printod 1884). 
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vet never acquire that temperature, even approxi* 
mately; and phTsieallv, considering that radiation 
process not from a mathematical surface, but from 
a material physical stratum of an imaginable thick- 
ness, but which rapklly absorbs the emanations pro- 
ceeding from the inferior particles, he provod that 
the attenuation due to oblique emanation will fol- 
low Leslie's law, independent of the precise rate of 
absorption in traversing the physical surface. 

(668.) youricr takes extraordinary pains to define and 
justify every step of his demonstrations. He has the 
Uf powsr, merit of having first given a clear definition of 
conducting power, or conductivity proper, which is 
this : — “ The number of units of h^t (measured by 
the weight of ioe which it can melt) passing in unit 
of time across a square unit of suHaoe of an infinitely 
extended plate bounded by two parallel surfaces at 
unit of distance which are respectively maintained 
at the freezing and boiling temperatures (unit of dif- 
ference of temperature).”^ In like manner, the “ ex- 
•Bd of terior conductivity” expresses the number of units 
“ «st«rior of heat parted with by unit of surface to the air and 
aedDcU- sorrounding space, when the difference of their tem- 
perature amounts to unity. 

(660 ) Account of the Th^ric Analytiquc de la Chaleur. 
— ^The problems considered by Fourier in his Thioric 
d 4 ■^nalyU(jnc, refer principally to the propagation of 
taCAai««r. heat in homogeneous conducting solids of definite 
forms, and in some cases maintained in certain parts 
at fixed temperatures. 

(670.) The numW of examples fully worked out is very 
small, but they may be referred to the following 
•oWvd by classes : — ( 1 .) When some part of a solid has an inde> 
ktai. finite source dS heat applied to it, the remaining sur- 
face being exposed to the air, or having determinate 
temperatures maintained at certain parts. In this 
case, the state of the solid in regard to heat is per- 
manent, or independent of time ; and the problem is to 
assign the t4>mperature of each part, And the flow of 
heat through that part in a given direction. (2.) To 
assign the temperature of every point of a solid pri- 
mitively heated, cither uniformly or after any assigned 
law, and at any given moment. (3.) To solve the 
last question only in the case where the cooling at the 
surface has been going on for an exceedingly long 
time. 

(^I-) Of the first class of problems, the slender bar heated 

oondUion^ by a Constant source of beat at one end, and exposed 
oThMcinsto the cooling influence of radiation and of the air, 
•l«od«r which had been treated of by Lambert, is the simplest 
and most important. The temperature of any thin 


slice perpendicular to the axis of the bar, is the 
result on the one hand of the heat which it acquires 
from the hotter slice nearest to it on the side of the 
source of heat ; and on the other, of the heat with 
which it parts to the slice next Iwyond and also to 
the air in contact with the exterior surface of the 
slice and by radiation from the same surface. The 
solution of this problem is that of a simple diflbrentiol 
equation of the second order, and the result is the 
diminishing geometrical progression of temperature 
already mentioned. This has been approximately con- 
firmed by some careful experiments of M. Biot, which 
incicod are nearly the best which we yet possess on the 
subject. But instead of drawing from them, as he 
does, an argument for (he accuracy of the Newtonian 
law of cooling, the diminution of temperature along 
the luLT is far more rapid at first, and less afterwards 
than that law indicates. In fact, the apparent agree- 
ment of the formula is owing to the use, in a case to 
which it does not correctly apply, of that often mis- 
applied rule of the doctrine of chances — the method 
of least squares. 

The solution of another case of stationary temper- (672.) 
aturc, — an indefinite solid bounded by three infinite ^ 
plonea (two of which, B, C, are parallel, and the third, 

A, perpendicular to both) having determinate tem- 
peratures, — requires the introduction of a species of 
analysis, in which Fourier acquired great dexterity, 
but which is of so subtle a kind as to have creat^ 
doubts in the minds of the committee of the Institute 
to which the Memoir was referred, and to have been 
a source of some controversy and much discussion 
since. Fourier contrives to express, by an infinite 
trigonometrical series, the law of temperature in such 
a solid, which shall not only satisfy the differential 
equation of the equilibrium of heat, hot also the 
conditions of temperature at the bounding planes, B 
and C, which being zero by the problem, the value 
of the temperature which, up to that point was finite, 
suddenly comes to nothing, and has no value beyond. 

This problem leads to a long digression on the pos- 
sibility of expressing by trigonometrical series, quan- 
tities which vary according to any conceivable law 
and of determining the co-efficienU of the successive 
powers of the sines and cosines employed. The 
theorem to which Fourier is led, in which any function 
of X is 'expressed by a series of definite integrals, in- 
cluding tin X and co* x, is known by his naiuo. 

The problem, however, which Fourier roost elabo- ( 67 s.) 
ratcly treated, belongs to the 2d and 3d class,-— Moveneot 
namely, the cooling uf a sphere primitively heated ' 


* L«t he tbs flax of best DMsared u above, K the oocuUot of interior coodocUvity, s ea ordinate mcarared acroee the 
thickneM of the plate, and v be temperatore of tbe etratnin of which X it the ordSnete ; then F= _ K ~ ; in the permanent 
ftate the Umpereture verica nnlformlj from •tnton to stratum. When the thlckocM and difference of temperature both am 
•qoal to uoitj, K=F. The exprae^on P= laaaifesUjr expreasea the Newtonian Law, Interpmtad bj Fourier as 

■tated abova. 
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in a given way, but so that points oqui>distant from 
the centre have a common tempemture.* It mi^ht 
be expected that the symmetry of the conditions would 
admit of a simple solution ; and such indeed was 
■ought by Professor Playfair long before, in a paper 
in the Edinburgh Traiwictions^ with reference to Geo- 
logical Speculations. It was, however, by no means 
■ufficientiy general. It is shown by Fourier, that 
even in the simplest supposable case — that where the 
temperature of the sphere was originally uniform — 
the resulting expression for the tcuiperaturc of any 
stratum at any time, though capable of algebraic ex- 
preasion, cannot be assigned in finite terms, and no 
attempt has been made to evaluate it generally. The 
special cases which have been considered, are when 
the sphere is extremely small, or has been cooling 
for a very long time. 

(674.) The extreme complication of even such apparently 
simple cases when solved in all their generality con- 
tioB to Ui« ^ across each part is 

l*robUm of in fact dependent at each instant on the state of heat 
Ut«8pfa«re.i|| each other part, and this distributiou of the whole 
is equally unknown with the local distribution on 
which the movement of heat in each part depends. 
To this must be added the peculiarity of conditions 
at the surface, where the temperature undergoes an 
abrupt change. The law according to wliich the su- 
per6cial particles radiate heat, is also different from 
that according to which they receive it from the in- 
terior. When a body uniformly heated to a consider- 
aUe temperature cools in air, the subtraction of heat 
from the surface commences with great rapidity, the 
excess of temperature of tlic superficial particles being 
very much greater than it ever can 1^ afterwards. 
The drain of boat from the interior of the sphere is 
at first nearly imperceptible. The exterior cooling 
will by and by become slower; and the degree in 
wliieh it takes place, will depend upon the rapidity 
with which the conducting mass of the sphere is able 
to supply fresh heat to the surface; then the rate of 
supe^dal cooling will become relatively somewhat 
accelerated, and a fresh drain will take place from 
the interior towards the surface. It is only in the 
case of exceedingly small bodies, or those of an in- 
finite degree of conductivity, that the body will cool 
according to a simple law. In all other cases, there 
will be characteristic periodical inflections in the 
course of cooling. These, no doubt, are represented 
in Fourier’s series, if it could be numerically calcu- 
lated ; and it is to be desired that some attempt were 
made to represent it approximately. When the cool- 
ing has endnred for a very long time, these gushes 
of heat cease altogether; the surface has attained 
Dearly to the temperature of the surrounding space, 
and the drain of heat from the interior is so slow, 


that the progression of temperature is very gradually 
and slowly disturbed. 

Af>plication to tKe Thermal condition of the Earth. (575.) 
— This lost case has been discussed by Fourier with Applied- 
great address, relatively to the present condition of 
the Earth, considered os a mass wliich has been once 
at a high temperature, of which we have evidence tb« tb*r- 
in the general increase of heat as we descend in mines, 
or when we penetrate its crust by Artesian wells. 

The surface of our planet receives a large amount of 
heat annually by absorUng the sun*s rays, bot parts 
with it by radiation into free space, to an extent which 
preserves a sensible uniformity of temperature from 
age to age. The considerations connected with the 
subject are these : — (1.) The proper heat of the earth, 
and how much heat reaches the surface from the 
(perhaps) still incandescent interior ; (2.) How much 
heat do we receive from the sun, what share of it 
enters the surface, and how far, and according to 
what periods does the influence of tho acasona extend 
below the surface ? (3.) What is the amount of refri- 
geration of tho earth’s surface f^how does the atmo- 
sphere aflfect it ? and, if tho cooling be due entirely 
to radiation, what are we to set down for the temper- 
atuTf- of ipaee, so as to account for the heat lost ? 

First, As to the proper Heat of the globe. Not to (676.) 
go further liock than the last century, the incandes- **7*.?” 
conce of the earth s nucleus was assumed as very pn»- . 
bable by Buffon and other popular writers, and their 
opinions were, on tho whole, confirmed by the pro- 
gress of observation. The existence of volcanoes was, 
of course, an obvious argument ; another was, that 
if tbe earth were once hot it must be still cooling ; con- 
scqnently, climates are oontiaually becoming colder, 
especially in the Arctic regions, w hich it was supposed 
depended most on the supply of heat from within. In 
evideneo of this change were quoted, not only tho 
remains of elephants found interred with flesh and 
akin in the midst of Siberian ice, but also the un- 
equivocal proofs, so well known to geologists, that 
at a period indefinitely more remote, tropical plants 
of gigantic growth, and animals of a class which now 
frequent only southern seas, appear to have lived 
and flourished in high northern latitudes. But even 
in the time of Buffon, attention was directed to a fact 
yet more important for the theory of heat, namely, 
the increase ^ temperature observed in deep mines. 
Notwithstanding many sources of doubt and confu- tosaifectMl 
sion, such as tho heat from candles, and from men at 
work in mines, from chemical changes in some coses, jq 
and from the increased density of the air, the fact of mioM. 
tbe increase is now well established, and also its 
rate of progression with more certainty than in the 
time of Fourier. On an average (including the best 
data of all, those yielded by Artesian springs), the 


^ The probl«m of tl>« Armil or ring, brtUd •( ont or lerml pointa, U <n># which otfrm conBulervble faeUitlM for its solution* 
but tbe rwolta ure of little ottlity, tbe fom bsing so peculisr ; and ersn m s test of tbeory, the vsristioiu of ten pom tors from 
point to point sro ios«tBd«Bt undsr tbs limited condiUcas la which tbs auasiicAl aolutloo is prsetieubls. 
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mcre&se appears to bo Fahr., for 50 or GO English 
feet of descent. Fourier first UDdcrtook to enquire, 
Whether, supposing the earth to have no primitive 
internal heat, the continual action of the sun might 
not produce tlio increasing temperature observed. 
But he found, on the contrarv, that there is no such 
tendency, and that after a long time, the temperature 
at any moderate depth below the surface (but be- 
yond the varying influence of the seasons) will be 
constant. Now, observations on the tcm|>craturc of 
mines and Artesian springs ejLtend to depth of 
1700 English foot, and the influence of the bgosods 
is usually quite eatinct (in this latitude) at 50 or 60 
feet. The nearly uniform increase beyond is thero 
fore due to a source of heat vrithin, or, what amounts 
to tbe same thing, to the relatively warmer state of 
the nucleus. The analysis of Fourier shows, that 
the variation of tempemturo in the successiro strata 
of a sphere, cooling with excessive slowness, is very 
closely allied to tbe flux of heat which posses through 
it, and which is spent by radiation or otherwise at the 

Its iBsigni- surface. The result is excoodingly striking, and may 
^ considered as remarkably well cstablisbcd ; tho 
*’ flow of heat 6‘om tho interior contributes to raise 
the temperature of the surface by only one ieven- 
teenih of a de>jree of Fahrenheit *, or would melt an- 
nually a stratum of ice ^^th inch in thickness. This 
is all tlie refrigeration which the earth*s surface can 
ever sufler on this account, and in its present state 
of cooling, it would take millions of years even to 
reduce it by one half. So little ground is there fur 
the belief of Buflbn and his friends, who imagined 
that the destruction of animal and vegetalde life must 
rapidly ensue by reason of the diminishing central 
beat. 

^<6^70 Again, tho depth to which we must descend in 
order to reach a temperature sufficient for the supply 

Ducleiu. of molten lava, is not excessive: for this depends 
entirely on Uie conductivity of the earth’s crust, 
which we know to be very small. A familiar in- 
stance occurs in streams of recent lava, where a crust 
soon forms, on which a man may walk safely, yet 
only bo separated by a foot or less from tho fiery 
liquid. Fourier calculated that the temperaturo of 
incandescence may prevail at a depth within the 
earth of only about 15 English miles, without affect- 
ing tho superficial temperature by more than a small 
fraction of a degree. 

^ As it sooms scarcely possible to ascribe some, at 

least, of the geological effects already mentioned to a 

chuige of cause of which the variations are imperceptible in 

cUoasu. such vast periods, other writers have suggested dif- 
ferent possible explanations. One which appears to 
have considerable probability, is that of Arago, that 
the heat emitted by the sun has a secular rate of 
change ; in other words, that our sun is a variable star. 


Secotvdly^ As to the effects of the sun's heat on (679.) 
the earth. It has been already slated that Fourier ^ 
showed that below a moderate depth, the heat of the gg 
earth would bo uniform and invariable, so far as solar «%rth. 
radiation is concerned. At smaller depths, it vrill 
vary according to the season of the year, and these 
variations will at all depths be gone through in tbe 
same period with the variation at the surface, which, 
is of course annual, bat the inflections follow a pe- 
culiar law in each latitude and climate, and even in 
one year compared with another. Within the depth 
to which the influence of the seasons extends, tho 
amount of the range of temperature continually di- 
minishes, nearly in a geometrical progression, and at 
length it bocomea insensible. At increasing depths, 
the periods of maxima and minima are continually 
retarded, so that at a certain depth, the earth is hot- 
test in winter and coldest in summer. A smaller 
fluctuation of Uio some kind, and penetrating to a 
smaller depth, follows the diurnal range of tempe- 
rature. Tbe manner in which these interesting phe- 
nomena are connected with the conducting power and 
specific heat of the earth’s crust, was clearly pointed 
out by Fourier. 

Before as well as after these theoretical investi- ^ 
gations, observations on thcnuomctcra sunk to dif- Tti«ory 
ferent depths in the ground had been made, and tbe ooopsrtd 
results confirm these conclusions of theory in every *^|^***^ 
respect. Such observations were made by De Saus- 
surc, Leslie, Arago, Quetclct, and other experimen- 
ters, including the writer of these pages, who caused 
can-ful experiments to bo made fur five years, on 
three sets of thermometers, placed in different kinds 
of soil and rock, extending to a depth of above 25 
feet. By means of these, the conductivity of those 
various soils was determined with accuracy, and data 
afforded for subsequent enquiry. ^ 

Amongst tho most interesting enquiries connected (ggi.) 
with this subject, is the total quantity of heat ro-Totalqaui- 
ceived in a year from tho sun by the absorptive 
action of the earth’s surface; but this does not u|>’tb««arUk 
pear as yet to have been successfully answered, from the 
Nevertheless, M. Pouillct, from merely experimen- 
tal data, considers tliat he has proved that the 
amount of solar radiation which reaches the earth 
would melt in a year an average thickness of 31 
metres of ice, all over its surface, provided that it 
were entirely absorbed. Poisson has obtained a re- 
sult four times less, and estimates the effect of the 
sun in raising the temperature of the climate of Paris 
at 24 centigrade degrees, a result incredibly small. 

7^i>d/y, On the temperature of space. Fourier 
was prol^hly the first who introduceci this idea into<n,g 
scicncc. The term perhaps is a doubtful one and peraton oi 
liable to misconception, but the object of the enquiry 'P*®*” 
admits of being precisely stated. The lesearchcs of 


^ 8^ TVamMKtkiw •/ tlu Boyai Socittf «/ rol. xvL, wh«r» a history U glvsn of Um obserTstions prtviooalj 

di4«. 
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Dulong and Petit' npon the cooling of a bodj by 
radiation only within an envelope having a tem- 
perature lower than itstdf, include, as a particular 
caue, that in which the body reccivca nothing from 
the envelope, — when the relation is entirely that 
of loss without any gain ; and yet the cooling pro- 
ceeds with a finito velocity. It could not with any 
propriety be said in such a case, that the tempera- 
ture of the space in which tho ImxIj cools is in- 
finitely low ; it cannot be said to have any tempera- 
ture at all. 

Now, in the ease of our globe and its atmosphere, 
we have a heated mass, suspended as it were, in space. 
If there were no other bodies in the universe, the earth 
must by degrees lose its heat. We know indeed that 
it is cooling. The proportion of its native heat an- 
nually emitted, would melt a crust of ice «^th inch 
thick. This heat is dissipated in space. It may 
therefore be enquired, whether a sphere of known 
conducting power and of known temperature at the 
surface, is parting with its heat to space at a rate 
which supposes it to radiate without any requital, or 
whether it receives from space (or the bodies which 
space contains, independently of the sun) any portion 
of the heat which it thus dissipates. To solve this 
question, wo must evidently know with great accu- 
racy the radiating power of tho surface of the earth, 
than which, unfortunately, no datum is more com- 
pletely uncertain: and the influence of the atmo- 
sphere (which is truly a part of the earth) renders the 
solution still more indeterminate. It is not known 
what method Fourier took to arrive at a numerical 
result, but it is well known that be obtained it in a 
way which appeared satisfactory to himself, and that 
he often refer^ to it. He supposed the ** temper- 
ature of space’* to be 60“ or 60** below scro on the 
centigrade scale, and believed he did not err in fixing 
it by more than 8° or 10“. By this we understand, 
that after infinite ages, tho earth, or any other body 
placed in the same situation and previously heated, 
would attain this temperature and no lower. 

This slight sketch gives an imperfect idea of the 
extent and originality of Fouricris labours. Bat 
enough has been said to show, that ho must rank 
amongst the most considerable philosophers of his 
day. That he excited the jealousy of tl^ g^at ma- 
thematical geniuses of the previous gen^don, and 
that his new train of research, though fully accepted 
by those who succeeded him, has as yet received bot 
slight extension at their hands, are facts which con- 
cur to prove his originality and merit. That he 
did not solve more cases of the propagation of heat, 
and that some of his solutions are so complicated 
as hardly to be such in a practical sense, show only 
the extreme difficulties of a subject which touches 
every where tbe bonndarics of existing mathematical 


knowledge. In the opinion of many persons, it is to 
be desir^ that some at least of the problems of con- 
duction were treated in a somewhat different way, 
and approximations obtained by the application of a 
less abstruse calculus. But towards this desirable 
result, little has jet l>een done. 

As a pure mathematician, Fourier occupies a (686.) 
distinguished rank. His conversion of functions 
every kind into series of periodical quantities — bis^p^*^ 
treatment of problems, involving discontinuous lawsmstbems- 
—his solution of higher differential equations — ore 
all important additions to analysis, to the improvement 
of which, as he has faimseH very justly observed, 
physical problems arc ever tho most important ave- 
nues. Such considerations aa Fourier treated of 
could hardly have entered into the mind of a mathe- 
matician not guided by a specific physical enquiry. 

His favourite subject of the solution of Numerical 
Equations, which brought forth his first essay — which 
occupied him even on tho banks of tho Nilo— and an 
elaborate work on which was almost his last addition 
to science, — is of course one of leas general interest. 

His experimental abilities, as we have said, wero (686.) 
not equal to his mathematical ; and it is to be re- 
gretted that his schemes for several practical appli- 
cations of theory seem to have been left imperfect 
He invented a Thermometer of Contact, an instrument 
for determining the conductivity of bodies, which is 
but little known or used, and of which tbe theory 
was left incomplete. He also joined Oersted in ex- 
periments on Thermo-Electricity. He studied with 
great care the principles on which his theories were 
based, and seems throughout to have desired to leave 
no doubtful step in his reasonings, nor to make any 
tacit or unproved assumptions. His compositions 
are minutely clear. To them we might apply the m> 
mark attributed to Voltaire—'^ Whatever is obscure 
is not French.” If there be obscurity, it is only due 
to tho abstruseness the subject, not to tho manner 
of conveying it, 

Fourier succeeded Delambre as Secretary of the Ma- (687.) 
thematical Class of the French Academy of Srienci-s, d*sth. 
and wrote several Eloges. He died no ^e 16th May 
1830, generally respected. 

We will here, in a few words, comment on the (688.) 
subsequent progress of the subject of the Conduction 
of Heat -oeesiww. 

Whilst Fonrieris papers were still in the archives (689.) 

the Institute, they were consulted by Poisson, who **o***®"* 
published solutions of several problems based on 
Fourier’s principles, and coinciding in result with his. 

As the analysis used was somewhat different, tbe 
coincidence in so new a subject was not without im- 
portance, In 1836, the Theory of Heat of the same 
author appeared, based on the law of cooling, dis- 
covered by Dulong and Petit, which Poisson, with 
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unacGOUDtablo jct characteristic rashness, chose to 
conshler as applicable to the oomiuunication of heat 
from particle to particle, os well as to its dissipa- 
tion from the surfaces of bodies. But the result was 
worthy of the looseness of the assumptions; the terms 
arising from the peculiarity of Dutong’s law are 
mostly dispensed with as the investigation proceeds ; 
and the whole work is to be regarded rather as a 
mathematical exercitation, than as a serious step in 
physics. Having elsewhere recorded a criticism on 
that part of Poisson’s work which treats of the Heat 
of the Globe, 1 shall not dwell farther on its defects. * 
Professor Kclland has published a work^ — the only 
one intended for students— on this subject, and he has 
likewise made a valuable report to the British Asso- 
ciation, on the best means of comparing the Mathe- 
matical Theory of Heat with Observation.* He has 


sug^tod, that the results of the Newtonian law of 
cooling may be used in combination with such an 
hypothesis as to the relation between quantities of 
heat and the tcm|»crattirG shown by an air thermo- 
meter, as will rvcoDcilo it with Dnlong’s law. But 
there is reason to think, that internal conduedvity 
varies with temperature In the rwtr$t manner of ex- 
ternal cooling ; in other words, that it diminishes as 
the absolute temperature increases.* 

MM. Duhamel and Stokes have considered the (691.) 
propagation of heat in bodies which do not conduct it ^ 
uniformly in all directions ; and their investigations 
arc very interesting in connexion with the b(^utiful Dotoosdnet 
observation of M. de Senarmont, that such is the esse beat uot- 
in crystallized bodies. It is easily shown in a plate 
of gypsum coated with a thin layer of wax, to a small tloos.*^ 
part of which boat is applied. 


§ 7. DtJLONO . — The Law of Cooling. — Progreat of the Science of Padiant Heat between Lealie'a 
and MellonVa Ditcoveriet ; iranamiaaion of Radiant Heat through Gloat. Herschel ; De la 
Roche ; Professor Pow ell.— TAeof^ of Dew ; Wells. 


The researches of Leslie on Radiant Heat, though 
very generally appreciated both at home and abroad, 
were not, on their publication, immediately repeated 
or extended. On some points they were seriously 
coutroTcrtod. But the labours of most of his imme- 
diate contemporaries, of whose names we have given 
a few at the head of this section, were rather projta- 
ratory to the fuller developments of a later time— to 
be made with improved apparatus — than demon- 
strated discoveries. I make an exception, however, 
with regard to the experiments of Dulong and Petit 
on the Laws of simple radiation and of the cooling 
of bodies by the eonlaci of gases, not only because 
they established propositions quite new in an incon- 
trovertible manner, but also because they introduced 
into this branch of science a mode of investigation so 
delicate and precise, and methods of reduction and 
of physical analysis so beautiful and convincing, as 
placed the whole science of Heat on a new footing. 
The main credit is due, we believe, to Dulong, who 
was one of the most estimable and accomplished phi- 
losophers of his time. 

PisREB Louis Dulono was bom in 1785, and 
showed precocious talents. Ho was admitted to the 
Polytechnic School at the age of 16, and rose through 
every grade of that celebrated institution until he 
become ** Dirccteur des Btudes.” It is superfluous 
to say that ho was a good mathematician. He was 


also a most excellent chemist ; and the honour of 
being discoverer of the most terrific of fulminating 
compounds (chlorurct of azote) was purchased by the 
loss of one of bis eyes. But his experiments on 
Heat arc ihoso by which ho will be longest remem- 
bered. The most important series of these was de- 
voted to a rigid examination of the amount of heat 
radiated under different circumstances, and of $hat 
dissipated by the contact of air. 

Thebiwof Coolintf . — Ithad boensuggested by Now- (694.) 
ton, and tacitly odmittod by nearly all writers on heat, 
including the most eminent, that simple radiation 
puiaation^ in the language of Iieslie) takes place in di- irswioaUn 
rect proportion to the excess of temperature of the hot isw of 
body above the surrounding space. Martino, and par- 
ticuJarly De la Roche, had indeed thrown doubt on 
the subject, and had rendered it probable tliat at high 
temperatures the velocity of cooling(which is propor- 
tional to the radiant energy) is considerably greater 
than Newton's law supposes. Dulong and Petit, 
however, first demonstnted this. They disengaged 
the experiment as far as possible from the influence 
of the contact of air, by using the most perfect ex- 
haustion which the best air-pumps could produce ; 
and it appeared very plainly from the result of ob- 
servations mode under successive degrees of rarefac- 
tion, that instead of there being the slightest appear- 
anceof radiation ceasing to take place when the vehicle 


^ Sm Second Hspori oo Heteorology, Brit. A$»c€, Etporu, 1840. 

* n«ory flmt. Cunb., 1837. * Brit. Attot. tUporU. 1841. 

* TbU ai least la the raaolt of aa ezpcHmeatal lavastlgation by nyself on Ui« oonduetivlty of iron, azecuUd on a prineipto 
which ( balisTs to b« new, bat which I have not jet b««n able to publlih. Ur Airy and Profasaor Kalland ara Mch in poaaa a slon 
of iba outline of my metta^ ; and the raanlt noted in tbn t«xt waa hriedy announced by me in the Rtyorta of tho Brititk A$$o<iat*rm 
for 1852. If my health permits, 1 ahall rosama and publiah these asperiraanti. I may here add, that 1 p<^ted oat in 1833, 
front aome •xperimaoU which I made at that Uma (/Veersdiiijr* of tko Boyat Sotietf of A'd*nfrwr^4, yoI. L p. 5), that the metals 
range in khs tame ordsr as eooducters of llsst and of Elsetricity ; and this law appears to be conArmed by mom recant obeer- 
Tattoos. 
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of air was abAe:)t, the iuflucnoe of the latter became 
less ami loss perceptible. 

(665.) The princi^ apparatus of Dulong* consisted of a 
Tlisir lialloon of thin cop{w.‘ral)Out a foot in diameter, coated 
internally with lamp black, and placed in conoeciion 
with an air-pump, so that any portion of atmospheric 
air could be cxtmctcHl up to almut jJJ of the whole, 
and any other {;a.s could be introduce*! into it. The 
temp'ratureofthe balloon could be nicely regulated by 
introducing it entirely into a water trough. Into the 
centre of the balloon, thiTmometcm of difierent sizes, 
or having different kinds of surface, could be intro* 
ducod. The temperaluro of the balloon having been 
first regulated, the thermometer under experiment 
(being itself the radiating and cooling - bedy) was 
lieatcd nearly to the boiling point of mercury, and 
inserted in the balloon so as to occupy the centre of 
it. The exhaustion and other arrangementa being 
mmle, the observations on the rate of cooling of the 
thermometer commenced when its temperature was 
ns high os 250^ or 300” centigrade, equivalent to 482^ 
and 572'* Fahrenheit 

^^661.) With respect to simple radiation, or when the 

Wl«Uy Qf uij, Imlloon is estimated ns nothing, 

■Imply ks the inaccumry of the Newtonian law was soon ap- 
th««zeaM parent Whilst the excess of temperature of the 
i»r bM 4 cooling body above the envelope or balloon remained 
constant, and the absolute tcm(>craturc of both was 
made to vary, the velocity of cooling, instead of 
Wing constant, incrcasod rapidly with the tempera- 
ture. Thus the excess of temperature being in every 
case 200” centigrade, and the temperature of tho 
balloon being ... 0“ 20% 40% 60% 80% 

tho rate of cooling was 7*4, 8-6, 10*0, 11 6, 13*4, 
Tlie whole of an elaborate scries of observations was 
Wautifully and satisfactorily represented by a for- 
mula admitting of this simple physical interpre- 
tation, viz., that the cooling of the thermometer is 
tho diffcrcnco between the licat which it parts with to 
the envelope and the heat which it receives from the 
envelope; and that the heat thus parted with, either 
by the thermometer or the envelope, varies in a geo- 
metric ratio with its temperature.^ 

(<i67.) The effect of contact of a gas in cooling the ther- 
cun^r^jf complex. It is iwUpfnfitnt of the 

sir on tiu> of the lur/tcc, as Leslie had already suppose<l, 

nt^ of The cooling power of a gas is proportional to a cer- 
fain power of tCi which varies for eacA / it 

takes place more rapidly in hydrogen than in any 
other known gas, which was likewise discovered by 
Leslie. It also comes out rigorously, that the ratio 
of the rttdiating pourcr of different iurfoee* ti the tame 
at nil temperatures. This ratio for glass and silver 


iff 6*707 : 1. Assuming this last principle, and also 
that the cooling due to the contact of air is indepen- 
dent of the surface, the law of cooling tn vacuo may 
W deduced from tho obsm’cd cooling of two ihcrmo- 
metcra suspended in air, and having glass and sil- 
vered surfaces respectively. Diilong and Petit found 
that, when they analyzed their experiments in this 
way, they obtained values for the radiation tii t«acuo 
almost absolutely coinciding with what direct experi- 
ment had already- given. No more perfect criterion 
could be dcsireil of the soundness of every link of the 
chain of experiment and induction. 

We shall not analyze Dulong's other memoirs. (698.) 
They regarded matters in the science of Heat reqnir- 
ing the same skill in devising apparatus and in mnni- on 

pulation, the same caution in eluding errors, and theth« !»«■ 
same just principles of calculation os in the investl-®^****^ 
gallons alreAdy specifie*!. They did not, however, 
lead to the diseovery of laws so striking and so ge- 
neral. They included the very delicate and difficult 
subject of tho laws of the thermal expansion of 
bodies, particularly that of air and of mercury, which 
wore applied to the theory of the thermometer, the 
very b^is of all exact knowledge in tho doctrine of 
heat. Another referred to the specific heat of tho8pod6c 
gases, on enquiry of the very greatest difficulty, in 
which wc still find physicists disagreed. Dulong^**' 
bethought himself of using Laplace’s celebrated cor- 
rection for the velocity of sound due to the heat de- 
veloped during the compression of an clastic medium 
(art, 433), and proposed to deduc** the beat thus 
developed, by a comparison of the observed and theo- 
retical (Newtonian) velocity of sound, and thcnco to 
obtain the specific beat. The theoretical velocity is 
easily obtaino*! from tlie density of a gas under a 
given pressure : the ohjverved velocity was ingeni- 
ously found by sounding one and tho same organ 
pipe with tho different gases in succession, and asecr- 
taining the pitch by the aid of Cagniard de I^tour's 
Sir#«c, (441.) 

One of Dulong*s latest, most elaborate, and most (699.) 
useful labours, was ascertaining tho elasticity 
pressure steam in terms of its temperature. These 
experiments were carried as far as 24 atmospheres 
of pressure. In tho course of them the law of Ma- 
riotte and Boyle was verifiod up to the same limit. 

The condensation of air was found to be exactly pro- 
portional to the pressure. We shall return to the 
subject of these later experiments of Dulong in men- 
tioning tho still more recent ones of M. Regnault. 

Dulong was unfortunately lost to the world at tho (700.) 
comparatively early age of 64. His was the peculiar 
merit of a well-balanced scientific mind. He felt ** 


* Tbu* •ynBlx^lcklly •zprsMed — 

wbm r b the ** velocUj of coolinfr,** or deprawioo of the tbermometer in ceDtlgrede degrees ia oae mioate, euppoeiag It to «oo- 
llmie exmauntfor so long; f U the tenpermtare of the envelope ; ( -f f, that of the thermooietar ; o Is a constant independent of 
the sise and aerface of the oooliog body, sad which is s 1'0077 ; ai is a eaoatant depending oo the dinMoiiocis and sorfece of 
the body. 
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the neccssitj of introducing into phjsics n dogrce of 
preciBion then almost tinlUuught of. Coulomb liaxl 
done something of the kind in other branches ; but 
in Heat it was reallj new. It was specdilT succeeded 
bv a rapid advanc*^ of precision in almost every kind 
of delicate expcTimental research. Novrhere can 
the student uf physics find a better model than in 
the celebrated memoir on (he Law of Cooling, which, 
we may add, received, as a matter of course, from 
the Academy of Sciences, the prixo in competition 
for which it ha<l l>een compose<i.* It is only justice 
to the countrymen of Dulong to say that they retain 
the superiority in the deduction of numerical laws 
from observation, which Coulomb and he conspicu> 
ously csemjdifieil. The industry of tlie Germans and 
of the English have indetnl been great; bnt in this 
particular enquiry they have not equalled in address 
the members of the French Academy. 

(701.) In order to complete our sketch of tJio more im* 
porlant steps connecting the discoveries of Leslie with 
those of Mclioni, wc will now, going liack a little in 
point of date, trace the origin of correct experiments 
on the immediate transmission and refraction of heat 
by solid substances. 

(703.) Sir William Herschel having found it requisite in 
the course of his arduous ohservations on the sun to 
for preventing the intense heatofitsrnys 
schtl on from reaching the eye, was naturallyle<lto observe the 
th« heat of effect of different coloured glasses, and even of coloured 
liquids in this respect, lie also placed thermometers 
* ’ in different parts of the spectrum funned hy a prism, 

in order to discover which of the rays it was most 
important to exclude. The singular result nt which 
he arrived was this, that the intensity of heat accom- 
panying the light of the sun not only increases from 
the violet to (ho red end of the spectrum (as was 
already known), but is muro intense quite beyond 
the red, and gradually diminishes in force for a long 
way farther. This result was keenlyconteste<l by Les- 
lie, biitwas confirmed by Englcfield and Davy. Berard 
admitted the existenco of invisible heating rays from 
the sun, but yet found tho maximum clfect within 
the red. Secbcck, hy numerous experiments, proved 
that the position of the marimum depended on the 
nature of the prism, being found even in the yellow 
ray when a prism of water is employed, whilst with 
flint glass it always occurs in the space beyond the 
red. The rationale of this curious result was first 
discovered by Melloni, wliosc labours will bcdctailed 
in another section ; and it was shown to depend on 
the different degree of absorption exercised on the heat 
of tho several rays of the spectrum by the differing 
ciak'rial of the prisms. 

OiStr Herschel made a very great number of experiments 

periratBU. 


on the transmission both of solar and firo-hcat through 
different kinds of glass and other bodies. But they 
were rough trials, giving a sort of proctic.*il test of 
this quality, rather than admitting of accurate esti- 
mations of the quantities of trauamitted licat. It 
was im]>o.<tsibIc. for iuKtance, to Infer from them the 
degree in which the warmth induced in tho gloss or 
other medium by the heat which it absorbed, tended 
to raise the indications of the thermometer l*eyond ; 
although such an effect was manifest from the re- 
sults of the oxperiraents themselves. Hence it was 
open to on objector to deny tho direet transmission 
of radiant heat through such Inxiics as glass, except 
in the ca$>cs of the sun and of brilliant combustion, 
when it cannot be doubte<l. 

Prevost liad proved to his own satisfaction tho (704.) 
immediate transmission of heat derivod from bodies Inporune 

even wlien below the temperature of visible redness. 

, . , . _ ^ , , . , ’ mmu of 

by* using thm screens of glass, and renewing them 

frequently before they could have absorbed much Koch* o« 
beat. Maycock obtained a similar result; but 
Dc LA llociie is due not only the cstablishmcut »fr«diuit 
this fact beyond any re:kSvmablc doubt, but also thebosi 
discovery of certain laws of iu operation which are 
inexplicable on any other supposition but that of*****" 
immediate transmission. One of these laws, for in- 
stance, was this, that when a series of thin glosses 
arc interposed between a source of heat and a ther- 
mometer, each successive glass transmits a larger pro- 
portion than the previous ones of the heat which (hill 
upon it. De la Roche rightly accounted for this sig- 
nificant fact by assuming that heat is not homoge- 
neous, and that the heat which has once passed 
through glass has lost the rays which glass most 
easily intercepts. He farther found that the sus- 
ceptibility of heat to pass through glass increases 
rapidly with (he temperature of its source. The 
c.xpcrimcnts of De la Roche date from 1812. 

Tho next step was mode by Profeasur Powell of (70S.) 
Oxford (1826). He showed that the quality of the^*cofM*or 
heat transmitted by glass is not the same as lhat^®**^‘ 
of the incident heat. This be proved by ascertaining 
the proportion of heat absorbed by a black relatively 
to a white surface. This proportion was invariably 
increased by tho interposition of glass. Mr Powell 
concludes tliat heat consists of two kinds intimately 
mixe<l. That of which the absorption depends on the 
cofotir of the surface on which it falls, is usually 
luminous, and is most easily transmitted by glass. 

That kind of heat which it equally absorbed by black 
and white surfaces is totally devoid of light, and is 
sometimes considered as pure radiant heat 

It will be sufiicient here to refer to an interesting (700.) 
Ess’iy OH DtWy published by Dr Wells in 1815, in ''**^** 
which be applies Leslie's experiments on the radiating 


* At Ih* original |»j»cr of Pulong and in lb* Memoir* of the liutitute, or ih* rfr U not acc**- 

«lbl«. I m»jr mention that t( i« Iratulatcd almoat or quit* tn In Tbsowoii't vol. xUI., sod in 

Mr Lunn a exwlknt traaiiM on U«at in tb« K*^y<U>pmina Mttro^lu^na. 
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power of different surfaces to account for the appa- below the ” uew-jwint,’* bj their unrequited radintion 
n*ntly capricious formation of dew in different situ- of boat towards a clear sky. A slight wind, by con- 
ations.— establishing that it is moisture deposited tinunily restoring the equilibrium of temperature to 
from the lowest stratum of air upon surfaces Moled the surface, preTcnts the deposition. 

§ 8. MRiiLOXi. — lJi»ior^of Radiant Ueai-^Trammiteion and Htfraction of Iltat ; Pro- 
ptrtift of Ilaat analoffous to Colour, — RjrptrimenU tu Great JJritam <m the Polarization 
and Double Refraciioti of Heat. 


(707.) Tni length to which this chapter has already ex- 
wrrltJooV ^ bringing concisely to a 

on rtdiAni conclusion what remains to he stated regarding the 
bss*. progress of the subject of radiant heat. With the ex- 
ception of the oxcellent researches of I>o la Roche on 
the immediate transmission of radiant heat through 
gloss (mentioned in the preceding Section), but which 
that ingenious philosopher did not live to extend 
and complete, little of importance was done between 
the researches of Leslie and those of Mellon), of 
which we arc now to speak. 

(708.) Mackdonio Meiloni, a natirc of Parma in Italy, 
Mrlloai— i)ecame associated os an experimenter, probahlyalmul 
iiriTonio- year 1828 or 1829, with Nobili, a skilful and 
bui. ingenious physicist of Reggio (Modena). Nobili 
was well known by his ex|>erimeuls on galvanic Elec- 
tricity and on Elcctro-Magnetiain. He was also the 
great improver of Schweigger’s Multiplier, rendering 
it an instrument of precision ; and to him wc owe the 
happy and ingenious application of Thcrmo-Electri- 
citv to the measurement of minute effects of heat, 

(709.) xhe THEttMO-MuLTiPLiKR, a thermometer of extreme 

improved byMclloni,was(aa has just 
pller, &a been stated) the invention of Nobili. It consists of 
inttrunent two portions, a sentient part and an indicating part, 
of rcMsrcli xlje first is composed of a number of short thin bars of 
antimony and bismuth, arranged like a square faggot, 
pairs of bars being Bohlere<l together in consecutive 
order at the opposite ends of the faggot, so as to form 
a single bent metallic conductor. If the junctions 
exposed at one end of the faggot are subjected to 
heat, and those at the other end kept cool , the effect 
will be a thermo-electric current of considerable in- 
tensity generated by the pile. This current is con- 
veyed bv means of two wires from the opposite ends 
of the system, which are connected with a delicate 
galvanometer which forms the indtcatin^ part of the 
apparatus. In practice, one end of the pile, armed 
with a conical n^ector for concentrating the rays of 
beat, is exposed to a calorific source whose radiant 
effect is to be measure<l, whilst the other end is care- 
fully screened from external influences. The devia- 
tions of the galvanometer needle indicate the heating 
effect 08 on the scale of a thermometer. The pre- 
cautions required in the construction and use of the 
instrument, and in the interpretation of ita results, 
are too numerous to be mentioned here. 

(710.) Nobili, in conjunction with Mclloni, applied the 
thermo-multiplier (amongst other expenfflents) to 


the proof of the instantaneous transmission of heat 
through glass and other solid and liquid bodies. 

From 1831, this enquiry was conducted nearly (711.) 
exclusively by Melloni, who about that time settled W«8oni 
first ill Geneva ami then in Paris, having been com- 
polled, on political grounds, to quit Italy. His first d^rful 
and moat important original memoir was presented traoa- 
to tho Academy of Sciences early in 1833, and '*** 
received with marked coldness, if not incredulity, by fg^ 
that body. A few months later, the writer of these 
pages had an opportunity of seeing Melloui's ex- 
periments in Paris, and ho made known their im- 
portance at the immediately succeeding meeting of 
the British Association at Cintbridge. The Royal 
Society of London in no long time awarded their 
Rumford medal to Melloni, ^er which mark of 
foreign apprul^tion, he first ubtaiued a hearing 
from the Institute of France. Tho most consider- 
able result at which ho hod then arrived was this : 
that rock-salt possesses a power unapproached by 
any other substance of transmitting heat of any 
temperature and from whatever source, with ex- 
tremely little loss ; and as a natural consequence of 
this, that heat wholly devoid of luminosity, such as 
that from boiling water, or even the heat of the hand, 
may bo refracted by prisma and lenses of rock-salt 
exactly in tho same manner ns light is refracted by 
glass. The reality of these effects (which had excited 
the persevering scepticism of the Parisian savans) 
wos demonstrated by a great number of most inge- 
nious experiments, in which every possible source of 
error and confusion was avoided or allowed for. 

Melloni even believed that the loss observed in (71S.) 
passing heat of any temperature, liigh or low, through 
polished screens of rock-salt, was precisely the same; 
and, moreover, that it occurred entirely at the two 
surfaces by partial reflection, so that tho solid me- 
dium was (Ufsoluuly H'ansparent for every kind of 
heat. It is certain that the losa is in every case 
small; but this almost paradoxical conclusion has 
not been completely confirmed by those who have 
repeated bis experiments. The important and un- 
expected discovery of the nearly complete trans- 
parency of rock-salt for heat, enables us to construct 
complex thermotie apparatus for refracting and con- 
centrating it, analogous to those of glass which arc 
used in optics. 

The next point clearly made out by Mclloni, was (7 IS,) 
the epecife action of different bodies in sifting the 
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Th* tptdfie HITS of boat thcj transmit, stopping altogether certain 
or qualities of heat and transmitting others. 
•ubrtTnees Sul)stapces, in general, transmit most readily the heat 
on tb« radiated by surfaces having a high temperature; this 
of already been shown to be true in the case of glass 

trf bv Do la Uoche. That experimenter had also demon- 

strated ^as we have seen in Art. 704) that succesairo 
plates of glass intercept a constantly decreasing per- 
centage of the heat incident upon them. This may 
be explained by supposing radiant heat to be, like 
the light of the sun or of a flame, heterogeneous, 
containing rays of diOcrent qnalitics, some of which 
arc cosily transmitted and others are wholly stopped 
by glass. And if wo pursue the analogy with ro- 
spoct to other substances, wo may imagine (for the 
sake of illustration) heat to bo coloured^ and that 
dif&rent medio, though equally transparent and co- 
lourless os regards light — such os glass, rock-crystal, 
and ice — exercise a specifle action on the rays of licat, 
each transmitting certain portions of the heat and 
stopping others. Rock-salt alone (according to MeU 
loni) is absolutely co/ouriesswith respect to heat, trans- 
mitting all its varietios with uniform facility. Thus 
equally thick and equally clear plates of salt, gloss, 
and alum, transmit, out of 100 rays of heat from 
different souTOOs tho following proportions 


HMt froa 
« III 

Rock-salt... 92 

PUta-glsM 39 

Alum 9 


HeiU Trim 
Inc«n4»*- 
oenl Pl*> 
tinnm. 

93 

34 

3 


H«at rnna 
ft »nrfKt« 

•i 

Fftbr. 

93 

6 

0 


Heiit ftt 
SU* 

93 

0 

0 


(714.) Let, however, heat which has been sifted by a plate 
of alum fall on another similar plate, then instead of 
HwL ^ cent., 9C per cent, will he transmitted. On the 
other hand, if we unite two plates of opposite trans- 
missive qualities, os alum and ^reen glass, the com- 
binatioD is almost absolutely opakc, just as a combi- 
nation of two coloured glasses giving diflerent pure 
tints (say red and green) would bo opakc for light. 
The working out of this beautiful cnr|uiry is entirely 
due to Melloni ; and he has published a separate work 
on the ** Coloration of Heat.”* Ho also rendered it 
probable that the rays most easily absorbed by glass 
and bodies generally are the Zcort refrangible; and this 
has been made certain by direct experiments by the 
author of this Dissertation, who, by a |>eculiar me- 
thod, founded on tho Total Rcdcction of heat within 
a prism of rock-salt, has obtained tho following in- 
dices of Refraction : — 


B»«( from % Ismp, moan r«n«ctlT« iodex .)'£31 

Do. poNod through glsw 1*547 

Do. do. slum 1*558 

Mesa lamiaooa rsy 1'662 


F.xplsna. Melloni ingeniously applie*! the facts previously 
tloo of roentioned to explain the variable position of the 
point of hottest part of the spectrum, as observed by Sir 
•asiimam 
h«st In tbs 

•poclrosi. 1 DtrnnKAroM, «M 2a Cp2oroti^ Calorifiqme. Nsjilet, 1350. 
* Mtmoirtt if'Arcnul, voL ill., p. 5. 


William Hcrschcl and others. It depends on the 
nature of tho prism employed. In a prism of rock- 
salt. the hottest part of the spectrum is as far beyond 
tho extreme visible red, as the interval between that 
red and the yellow ray in an opposite direction. 

Through the intervention of Arago and of Baron _f^***l 
Humboldt, Melloni ultimately obtained permission to 
return to Italy and to reside at Naples, where he spent 
his latter years. He ceased, however, to prosecute 
his researches on radiant heat with the same energy, 
under circumstances of ease and comparative atfliienoe, 
that he had done in the period of distress and obscu- 
rity, Ncvertlieless, several original papers were writ- 
ten by him at this period, os well as the condensed 
account of bis earlier researches on the Coloration of 
Heat, of which only tho first volume appeared. Mcl- 
loni died of cholera at Portici, in August 1854, 
aged 53. 

The analogy of Radiant Heat to light, strikingly (717.) 
establi6he<l by Melloni, with respect to the diversified 
refrnngibility and other qualities of the various radi- peiu^era- 
ations cmitte<l by one or diflerent sources, suggests uixnt butt 
an enquiry as to the intimate nature of these two “**•*'”*• 
agencies. No answer is likely to he so conclusive 
as an appeal to the test of Polariiation^ which, in 
the case of light, has been so rem.irkab1y explained 
by the theory of the transverse undulations of a me- 
dium. Some years before any of Melloni*s papers 
appeared, — indeed, before he had entered on the in- 
vestigation just noticed, — tho writer of the present 
Dissertation had attempted, by means of common 
thermometers, to test the polarizability of heat. Tho 
trial was not a new one ; but, except in tho case of 
the heat of tho solar rays, the results seemed to be 
inconclusive, or were even wholly negative. Berard 
had, indeed, not long after the discovery by Malus of 
luminous polarization by reflection, repeated (in 1812) 
that experiment with sun-heat, and also with thu 
heat emanating from terrestrial sources ; and as he 
believed with success.’ I have ventured to call his 
experiments inconclusive, because others besides my- 
self vainly endcavourtxl to repeat them. Professor 
Powell failcfj with ordinary thermometers, and at a 
later period Nobili announced a decidedly negative 
result, obtained with the thermo-muUiplicr. Simple 
radiant heat, he affirmed, is not polarizable by re- 
flection.' 

1 have just referred to my own early experiments (71».) 
on tho subject (which were likewise inconclu.sive), Exp*H- 
in order to explain that it was natural, on hear- 
ing of the application of the thermo-multiplier writer, 
to measure radiant heat, that 1 should wish to 
repeat them with the new instrument. This 1 
did in 1834. 1 first succeeded in proving the 

polarization of heat by tounnuliuc (which Mcl- 


* ^Uctk?fu« Vnip<rKli4i S«pL 1S34. 
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(720.) 
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)oni haJ iinnounccd ditl not (ako place) ;* next, hr 
transmission t)irou;:li a bundle of very thin mica 
plates, inclined to the transmitte<l ray ; and after- 
wards by reflection from the multiplied surfaces of a 
pile of tliin mica plates placed at the polarizing angle 
1 next succeeded in showing that polarized heat is 
snbject to the same niodifleations which doubly re- 
fracting crystallized ImkIIcs impress upon light, hy 
suffering a bt'ani of heat (even when <(uite obscure), 
after being polarized by transmission, to pass tbn)ugh 
a depolarizing plate of mica. Urn heat traversing a 
second mica bundle before it was received on the 
pile. As the plate of mica used for depolarization 
was mode to rotate in iU own pfane, the amount of 
heat shown by the galvanometer was found to fluc- 


tuate just os the amount of light received by the eye 
under similor circumstances would have done. This 
experiment which, with the others just mentioned, 
was 8t>on repealed ami confirme«l hy other observers, 
still remains the only one proving the double refrac- 
tion of heat unuccompanic<l by light ; and though 
somewhat indirect, it will hardly be reganb-d by 
competent judges as otherw ise than conclusive. Ice- 
!an<l spar and other doubly-refracting substances, 
almorb invisible heat too rapidly to l>o used for effect- 
ing dirretty the separation of the rays, which requires 
a very considerable thickness of the crystal, I also 
succ«Hlcd in repeating Fresuers experiment of pro- r;srculsr. 
ducing circular polarization by two intemnl reflec- M*'*‘*^ 
lions. Tbo substance used was of course rock-salt* 


§ 9. M. REOlfAULT.— TLcru’so/ E.ij>ofuiion by 17(.at ; Kiidberg.— V^;/»orizrtf!on ; 
Dulong. — EaUnt that ; Ilygrometry, 


Thk limits of this Essay will not permit me to do 
more than allude in very general terms to the merito- 
rious services of M. HzNai-Vicxoa Kegxault iu the 
science of heat. In the seventh section of this chapter 
I have mentioned his name in connection with that 
of Dulong, whose researches he has prosecuted, and 
whose position in the College dc France he now tills. 

The attention of M. Regnault has been devoted 
chiefly to heat in its combinations with matter — to 
dilatation and vaporization. I have already said, in 
speaking of Dnlong, that, in point of numerical pre- 
cision in the results of experimental physics, the 
French are unrivalled. The talent which they have 
shown in the construction of apparatus, skill in its use, 
and patience in deducing results with due attention to 
every numerical correction, have not been equalled 
either in England or Germany, much less elsewhere. 

We must, however, note that doubts were Brat 


thrown upon the accuracy of Gay-Liissac^s co<’flicicntf’<»Hliri»^» 
of the expansion of the gases (0*376 of the 
lumc at 32*^ for the expansion between 32“ and 212“^„„ 
Fahrenheit) by Rudberg a Swedish philosopher, who mercury ; 
detennined a new cotiflicient (0*3645). M. i(eg- 
naiilt finds for air of the oitlinary density a co-“ 
efficient nearly the same as that of Rudber?, but 
differing slightly for the same fluid under diffi ring 
pressures, atid also for the various gases.* The ex- 
pansibility of all of these fluids appears to tend to 
the same limiting value when they are sufficiently 
attenuated. As a preliminary to thc&e cxperinienta, 
the ex|ransion of mercury was ascertained by its hy- 
drostatic equilibrium at different temperatures, ns 
had already been done by Dulong, and with almost 
coincident results. The dilatation of mercury was 
used to ascertain that of the glass vessels employed. 

The irregularity of the dilatation of glass is one of (722. 


^ AnnaJe* dt Ciiimie, totn. tv* (1833)i. 

* 1 vru led to polsriM beat by tr&a.*ui!t>Wn through mica fUm* from baring obeerred tbe extraordinary permeability of tboM 

ftimi to radiant heat, and from facility of adapting them to tabn applied to tbo pile. The idea of u>lng buodlea of mica for 
rtjl4etiny heat did not occur to me aotii eomo time after. Dut 1 cannot here omit mentioniag a circumetance of which J only 
b^-ame aware tome years after tha publlcotloQ of roy reeearcbee. in arranging my correepomience, 1 found mme letten from 
6ir David iSrewkter, vrlth whom I had communicated ae to the b«kt meansof poiarlxlog heat, during my eariieet and oneurerwful 
altempU with common thermometer*. In one of these letter* be recommend*, among other tbe reflection of rndiant 

heat from mica handle*. Thi* ■uggeetioo wa* not put in practice ; for, owlog to change of residence and other circumstances, 
my attentioo was diverted to other subjects, and only recalled, after a lapse of some yuan (as slated in the text), to the polari- 
xation of beat, by tbe invention of tlia ThermotnuUipHer. Nor was air I>. Brew«u>rs euggastion recnllccted by mo untit 1 ac- 
cidentally met with It (after another long interva)}, in the manoer which I have just stateil. 1 am glad to have en opportunity 
of aaboowledging tlie friendly as>l«tance and encourageaient In all matters of scieRce which at ao early age I received from him 
when I was an obecore, iliough ardent student, and when be wa* my only *cientifie advU«r. 

* I have not thought It proper to go into farther detail* notveerniog my own experimenla on radiant beaU Those abo detiro 
more ioformatioo will And it in Profrasor Powoir* Second Report on iUdiaot llcat. in tbe Jhii. Auot. Report* /or lb40. But 1 
may here state, that M. Mellont’s firtt experimentson ptdarisabon were mode with mien pile*, furnished to him by myself in 

* M. Kegnault** experiment* were publisbed in 1841. Professor Magnu* of Berlin was at tbe *arae time engaged on similar 
experiments, and with nearly coincident results. The following table contains tbe summary of all lbe*i! experimanta 


Dalton's roefllciant U-391 

Gay-Luwac's coefficient 0*372 

Uudberg's coefficient 0-3042 

hi. RegnauU's coefficient (fruin the expansion observed under a constant preesure) 0~367 

If. Regnault'e coefficient (from tbe elasticity observed under a constant volume).... 0 9A6A 

M. Slsgnu*' coefficient (from the elasticity observed under a eocistant volume) 03C22 


Paiton's experiments were made between 2ft* and 212*. and after allowing for the e:q»antiun of glass, be obtain* for tbe ralallv* 
volume* of air at those temperature* 1040 end 132ft, giving of the volaroe at ftft^for I* Tabr., or of the volume at 33*, 
which agrees with the eo-eAeieot given above. 2 ic« JfoAcJbcMer ifmvtrs, rol. v., p. 69H-9. 
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the great ilifliculties not only of those enquiries, but 
generally, in constructing comjKiraUe tbennometera. 
It varies so much with the composition of the glass 
as to leave a serious amount of uncertainty in the 
measure of teinjieratures above that of boiling water. 
M. Rcgnault has had the pi‘r8cvcrance himself to 
grmluate the themiomclcm which he ust^. 

These enquiries were in some measure introductory 
to the determination of the elasticities of steam nt 
diflerent tempemtures, which hml l^ccnalreaiiy ascer- 
taiiK'd with so much care by Pulong (nominally in 
conjunction with Arago and other acailcmicians), ns 
to leave little need for their re|x;lition, except on the 
ground of the uncertainty of the indications at high 
temperatures of the thermometers which they usc«l. 
All ^l. Regnault’s results arc most carefully expressoil 
in terms of toni{)cratures measurc<) on an air thermo 
meter corrected for the expansion of gloss. They agree 
well with those previously ascertained by Dulong. 

Tn connection with this subject, the important law 
of the Intent heat of steam at dilfercnt lciu|jc*ralurc5 
has been correctly ascertained for the first time by M. 
Rcgnnult. Watt niaiutaincd that Ute sum of the 
sensible and latent heats of steam is constant at 
all tent(»cratures : Southern and others, on the con> 
tmry, lielicvcd that the latent beat has a constant 
value, whatever be the temperature of vaporization. 
M. Rcgnnult shows that the true law it intermediute. 
TAe iatmt heat dtminiihei a$ tfm seti^ble h(at of steam 
increases, but in a slower proportion. 

Our author also followed the steps of his prede* 


cessor Dulong in verifying the law of Blariotte axid of 
Boyle on the compressibility of the gases. He found 
it to be indeed very approximately true, yet not ab- ^ 
solutoly so for any gas. Fur atmospheric air and for 
most other gases the compression increases rather 
faster than the strict proportionality to the pressures 
would assign. In hydrogen gas the contrary is the 
case. This result, together with that on the dilatation 
of different gases, shows (if fully confirmed hereafter) 
that mere simplicity or uniformity of result is not by 
any means a sure ground of induction as to a law of 
nature. That simplicity often appears to be predi> 
cable only of some abstract enndiUon of matter which 
we may assign or imagine, but which we rarely if 
ever find realized amongst the U>dje.s around us. 

The precc<ling investigotiuns, the result of an (726.) 
amount of minute and assiduous labour almost fear- 
ful to contemplate, are to l>e found collected in the 
2 1 St volume of the Memoirs of the French Academy 
of Sciences, which they entirely occupy. 

M. Rcgnault has elsewhere published analogous (727.) 
researches on the Specific Heat of a great variety 
substances^ and on the theory and practice of Hygro-g^^l^^ 
metry, both of which are highly interesting and im- iImi aod 
portnnt, but which I have not here space to analyze. Hygrom*- 
Jle is also favourably known os the author of an 
excellent treatise on chemistry, and in fact sits in the 
Institute as a member of the Chemical Section. Ho 
now djrtxts the manufactory of porcchun at Sevres; 
and lictng still in the prime of life, much may yet be 
hoped from his devotion to science. 


CHAPTER VII. 


ELECTRICITY— MAGXETISM-EhBCTRO.MAGNETISM. 

§ 1. — Galvasi. — Discovery of Galvanism ; Proper Animal Electricity. ^The subject revived by 
Nobili. — MM. Matteucci and Du Boia Rcymond. 


There arc few discoverers in science whoso posi- 
tion it is more difficult to assign wiUi accuracy than 
Galvani. Attaining at first, by a curious observa- 
tion patiently reflected on and carefully rc[>eateil in 
detail, to the rank of the founder of a new science, 
he was so far outstripped in its applications, that hU 
merit was soon in a measure overlooked, and his un- 
questionable discoveries ascribed to capricious acci- 
dcnL 

We find that a conciirrence of circumstant'cs con- 
tributed to this result. Galvani was advance<l in 
rears, and, it would appear, somewhat exhausted in 
constitution, when he made his famous observation 
on muscular contractions. Ho was an anatomist, 
far more than either a chemist or physicist no 
blame, surely, is to be attributwl to him on that 
account ! Ilis discovery was chiefly interesting in 
Ills eyes, os illustrating the laws of sensation and 


the source of nervous irritability. It was calculated 
to throw great light on these most abstruse enquiries. 

Groping to find tho thread which should reveal to 
him that labyrinth, is it surprising that he devoted 
himself exclusively to those effects which gave him a 
real promise of success ? — a prouiisc held out still by 
the same facts — still the envied goal of ph}'aiologists 
—yet how Hule realized by the unremitting labours 
of two sul>sc<|iu>nt generations! 

Again, the almost irresistible temptation of con- (730.) 
verting successful philosophers into heroes, at the 
expense of their contcin|H>raric8, added to a less par- Voj^ 
donabic wish to relieve tho tedium of scientific dis- 
cussion, by the introduction of a lively, though ques- 
tionable anecdote, has induced the eulogists of Volta 
to exalt his unqcstionahic claims by the deprecia- 
tion of those of his less widely known and less for- 
tunate countryman, Galvani. Their contrasts incha- 


Digitized by Google 



ELECTIUCrrV. — GALVANI. 


161 


(731.) 


(7SS.) 
Oalvani's 
finCflxjwrl* 
raaoU on 
tb« Ker- 
TOlU 

ua. 


* 


Chat. VII., $ 1.] 

ractcr and circnmstancca were BuOiciently marked. 
Galvani was a profe.ssional anatomist and phvaioIt>< 
gist; Volta a pliTsicisL Galvani was little known, 
and had probably travellc<i little beyond the province 
in which he resided; Volta was personally and ad* 
▼antageously known in Paris and London. Galvani, 
soon after his discovery, felLinto undeserved political 
disgrace, which undcrmimMl his hnalth ; Volta lived 
to an advanced age, hU experiments and discoveries 
rewarded by every honour which not only academic 
authority could bestow, but which the almost uni- 
versal sway of Kapolcoii could render to his genius. 
Galvani died prematurely, and whilst his best obser- 
vations were contested ; Volta survived to nearly 
the latest term of human life, having witnessed the 
fruits of his great invention in the splendid disco- 
veries of Davy and Oersted. 

The biographical particulars of Galvaui^s life may 
be passed over in a few wonla. The history of bis 
discoveries has been recently materially enlarged and 
corrected, by the researches of the Academy of So« 
logna to which he belonged, and especially by those 
of Professor Ghcrardi; it forms, together with bis 
collected writings, a ponderous quarto volume.^ The 
diffuBeDCSS of the commentary, and that of Galvani's 
writings also, is a defect in this compilation, which 
tends to weaken the unquestionable force of the evi- 
dence in his favour. 

Luioi Galva.\i was bom in 1737i and was 
promoted in 1762 to the chair of anatomy at Bo- 
logna, his native place, the seat of a moat culc- 
brateil university. He studied and taught his science 
with great success, and published several memoirs. 
Probably he would have become still more widely 
known, but that be was anticipated in some of his 
observarions (particularly on the organ of hdoring) 
by the celebrated Scarpa; in consequence of which, 
Galvani, with his customary nunlesty, suppressed 
what hod already become known through that able 
anatomist As early at least as 1780 (as we learn 
from the researches of Ghcrardi, ond the MSS. of 
Galvani himself), he mode experiments on muscu- 
lar contractions taking place by electric influence 
from the electrical machine, the clcctrophorus, and 
the Leyden phml.^ The experiments were made 
on /roys in particular. This was ten years antece- 
dent to the commonly allogod casual discovery of 
galvanism. The experiments were continued in 1781 
and 1782, when he drew up a paper (not publishoil) 


” On the Nervous Force and its relation to Electri- 
city.”* In 1786 he pursucf! the enquiry, with the 
aid of his nephew Camillo Galvani ; and the effect 
of thunder-storms in occasioning muscular contrac- 
tions in the frog (which he had previously noticed), 
was farther studiod. IIu then designated the pro- 
parc<l frog as “the most delicate electrometer yet*aJoo 
discovered.”* But this year was also the one 
his real discovery, namely, that muscular contrac- 
tions are sometimes occasioned by causes remote it 
from any then known to be connected with electricity. 

Camillo Galvani, pursuing his uncle's experiments 
on Atmospheric Electricity, had prepared some frogs, 
by dividing them about the middle, and detaching a 
portion of the lumbar nerves from the integuments, 
leaving them in contact with a portion of the verte- 
bral column which was then suspemlc*! by an iron 
book. These prcparetl frogs were lying horizontally 
on the top of an iron rail of a balcony on the third 
floor of Galvani's house, where he was in the habit of • 
observing the effects of atmospheric electricity. Tlic 
nephew noticed that when the hook or the vertebral 
were pressed on the rail by the finger or otherwise, 
muscular contractions ensued, which he pointoil out to 
his uncle, who lost no time in re|H*ating the ohwrva- 
tion, which seems to have been mailc early in Sep- 
tember 1786.* His ex{tcriraents in this and the fol- 
lowing month are detailed, with the exact dates still 
preserved, with this remarkable title in Galvani’s 
hand-writing, circa rAVcfricitd dfi 

3fet<tlU; and the results are fumially drawn up 
in a Latin Dissertation of 62 pages, bearing dam 
30th October 1786, forming the suhstmicc of the 
most im|K)rtant section of bis Commentary on the 
JuUctrie Forres, 6ic., published five years later, but 
diHering from it in sonic imjKjrtant particulars.* 

Thus il appears distinctly, that one met.al alone 
—iron — was use<l in pivxiucing the convulsion;* 
whilst in the printen] Commentary, the hooks are 
said to bo of brass or of copper. The explanation is, 
that Galvani having become aware of the su[>erior 
efficacy of unlike metals in contact, describcKl tin* ex- 
periment, not as It was Jirst made, but as it miyht be 
made with greater certainty. Yet, singularly enough, 
this Dissertation is entitled,— Ds animali EUctrici- 
tate; showing, that in the sliort space of a few weeks, 
he had ahandoued his earliernotion of thomrt'iL being 
the source of the electricity, and aacril>ed the effocts 
to the proper electricity of the nerves and muscles. 


^ Opert eJit« «d *m^diU del profruore raetoiu « per furrt Hell' AeeaJeaUa delU Seiense deW dt 

Balogrw, 1841. Tbe copy whlcli 1 um li*l<Nigi to th* Uoyal Society uf ti4jnburf!h. 

* Uayp^to. Ac., p. II (la the work sltov« clt«d). * lb. p. IP. 

* lb. p. SO. Th« exprcMton U rcDurkable, bocsoM Volta If oftao rsgardtd u th« first wboconsulersd the frog in ch« avpeet 
of a nwrtfvl«ctroMop«. 

* Rapparto, pp. ^ 36. * lb. p. 3<5, 36. It mtre to bi* d»irrd that ihit MS. wi-re publUhad in full. 

^ Tbe pauMga fron th« MS. ia conclaaiiTa, — *' Rano* itmijue coeioeto more parata# witemo ftrrto mnira ipinali mndulla perfo- 
rata atqaa Apiwnva, Srptembris lnilio[l7S6] di« vetprrucente aapra pam|t«tlo borisootalitrr collocatrimua. Vneiaus ffrrtamk 
laaiMuim (namrly, the top of tbe iron parapet or rail) tangebat ; «n aw>ttt« in rana spnatanei, rarti, baud Infrequ^ntea 1 Si ditfllo 
oacinuiuiu sdverru* ferrvaia Miperflcletn ptemerator, aulraceaUf asciubantur «t toUcs feras quolici btijusiootli praaalo adbi- 
boretor.”— ilapporta, p, 86. 
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(733.) Of these tiro verv opposite aspects of this remark- 
able experiment, it might have liecn reasonablrenough 
anticipated, that one should be wholly erroneous. 
Tills, however, is not the ctiso. Galvani was juatilied 
10 both his inferences, although he unquestionably 
lieliered that only one could be true. Asa physio- 
logical anatomist, he not unnaturally odliered Gnally 
to the opinion of vital or animal electricity being the 
cause of the phenomenon which he had observed. Vol- 
ta, on the other hand, already an experienced natural 
philosoplier, though for a short time an entire con- 
vert to Ualvani's published opinions, maintained the 
contact of metals, unlike cither in kind or in their 
mechanical condition, to be the source of the nervous 
commotion ; and whilst he was cnablc«l to support his 
opinion by very striking exjK'rimfnts, its popularity 
was not unjustly perhaps exalted to the highest pitch 
by the happy application which he made of it, to the 
construction of that wonderful instrument, the vol- 
taic battery, which effectually withdrew attention for a 
time from the comporatively feehlcand obscure eRects 
of the eh'ctric power residing in the animal tissues. 

<■ 731 ,) The historian of science, well aware how far the in- 
trinsic importance of discoveries is from depending 
of ih« frog, upon the more magnitndc of their effects, and how 
often the philosopher, dazzle<l by the splendour of a 
new truth, overlooks some minute concomitant phe- 
nomenon which hereafter may rival or eclipse its 
splendour, — ruadily recognises the perseverance with 
which Galvani maintained his theory of animal elec- 
tricity as a part of the true philosophical character, 
and therefore as enhancing his reputation. The 
metallic arc which, by connecting the muscular part 
of the limb with the root of (he lumbar nerve, occa. 
sione<l the convulsion, was to bo recanjed, on his 
theory, as merely establishing equilibrium between 
those parts to which the vital principle had commu- 
nicate] an electric tension similar to that which sub- 
sists on the opposite surfaces of a charged plate or 
Leyden jar. Galvani gradual iy disembor^sed his cx- 
periniciits from the suspicious presence of metals alto- 
gether. Taking the prepared hind-limb of a frog, 
with the comiected nerve entering the spine, lie found 
that when the latter was suffered simply to touch the 
bare surface of any muscular part, and without the 
Pnnflnnrd iutcrveution of metal or any other conductor, a spasm 
V Ti^** limb imme<liatcly occurred.' This important 

itamiKiliU. experiment was repeated and varied in 1795, by the 
celebrate^! Baron Alexander von Humlmldt, who pub- 
lished a paper on the subject in Gren*s Jout-n-ii, fully 
Gonllrming Galvani's conclusions. Voltn.un the other 
hand, admitting the facts, strove to cxpl.iin them on 
the supposition, that they wero due, like other electric 
currems, merely to the heterogeneous nature of two 
solid )K>dic8, the muscle and the nerve brought into 
opposition, and moistened by a conducting liquid. 


Experiments instituted after a lapse of 30 years, with 
the aid of new instruments, and vastly increased know- 
ledge of electric manifestations, liave conclusively de- 
monstrated the accuracy in this respect of Galvoni's 
reasoning in preference to Volta’s. 

The publication of the results already noticed did (733.) 
not take place till 179k in his celebrated paper in the Orwlusl 
TntMttctiottt, The statement popularly 
made by almost every writer (and which may be views, 
trace*! to Alibert, one of (he earliest historians of the 
subject, but whose authority seems to ho of little 
weight), is that the discovery of Galvanism was made 
in 1790, in Madame Galvani’s kitchen, where a frog 
soup was Wing preparcfl for that Indy’s repast, she 
iM.'ing at the time in delicate health. The absurdity 
of the invention is evident from the history which 
we have given, founded on unquestionable documents. 

The memoir of 1791 was the rf^umi of elaborate ex- 
periments continued with (apparently) little inter- 
ruption for ei/t'CN years ; and the most interesting 
results had I'ecn digested in a Latin tract Jivt years 
before. All this shows at once great patience and 
intelligence on the part of Galvani, who, perceiving 
the difficulty and also the probable importance of 
the subject (in a physiological view]— oscillating per- 
haps in some measure Ivctwcen the two very opposite 
opinions regarding the source of muscular excitement 
which W'C have seen that he almost simultaneously 
hchl,— postponed for so long a time the publication of 
a discovery which he must have been sure would con- 
fer upon him a groat reputation. By the time of his 
publication his views had become fixed in favour of 
anitfutl electricity ; and be defended it in several suc- 
ceeding ntcinuirs. 

The unjust deposition of Galvani from his choir on (736.) 
political grounds affected seriously his health ond'lwd*»th- 
energies. Perhaps his latest experiments were on the 
Electricity of the Torpedo. He died 4lh DecemW 
1790, ag^ only 01 — happy perhaps in not having 
witnessed the discovery of the Pile, which, by its as- 
tonishing results, was to throw into the shade Gal- 
vani’s more intricate and difficult studies. 

To appreciate justly Galvani's place in scientific ( 737 .) 
history, we must recollect three circumstanoes which HU disUo- 
have often lieen overlooked, — Firi(,thathisdiscovcries K“Uhed 
were the result of patient, ingenious, and protracted 
research, not of a casual observation exciting ignorant 
surprise. Secondly^ That however deficient was Gat- 
vani’s theory of animal electricity to explain all, 
or even the most conspicuous facts witnessed by him, 
it was a real discovery which has been confirmed by 
the latest and most scrupulous researches, and of a 
physiological importance which can hardly bo over- 
ran. Thirdly^ Galvani’s Commetitary wasyoceivod 
at the time with enthusiasm, not only from the im- 
portance of the facts which it contained, but from the 


* Tb« e«r)iMt no(lc« of tbU molt ia found fo oiw of GslvuDrs sutofirupb MSS , wblcli uppeor* coHalnlv to dsU fron 1766. 

p. 4B, $ 13. 
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abtlit/ shown bj the author in diseussing them. 
There was no part of Europe in which Galvani's ob- 
•errations wore not held to bear out his theory; and 
the wannest eulog^r of them is to bo found in tho 
writings of Volta himself, who soon adTocated a dif> 
ferent explanntion. Volta calls animal electricity “a 
great and luminous discoeery which forms on epoch 
in the annals of physical and medical science,*’ and os 
” proved to demonstration (<k/ ew/cKra) by many ex- 
periments well contrived and accurately executed." * 
Had there been as little novelty ns has sometimes 
been alleged in Galvani’s observations, they would 
not have been heard of at once, and repeated in every 
civilized country, nor have given birth to a new and 
splendid science. Nothing then in progress, either 
in the hands of V^olta or of any one else, gave tho 
slightest clue to the invention of tho Pile, which, but 
for Galvani, might have been yet undiscovered. 

.Bctnwii o/ Kxp^mtnts on Animal EUctricitjf . — 
Tho grand (hscoveryof Oersted, which gave a fresh im- 
pnlso to so many branches of science, revived likewise 
the subject of the proper electricity of the animal tis- 
sues, which had b^n well-nigh forgotten since the 
death of its discoverer Galvani. Twenty-nine years 
later, in 1827,Nobili of Florence demonstrated the ex- 
istence of what has been termed The current of the 
frog.’* We have seen that a momentary spasm is 
produced when a circuit is completed, including the 
muscle and nerve of the recently dead animal. But 
by the aid of that admirable instrument the Galvan- 
ometer, Nobili succeeded in showii^ that a continn- 
ous current of positive electricity constantly passes 
from the feet to the head of the frog. This he de- 
tected by placing the feet of tho animal in connec- 
tion with one end of the galvanometer wire, and its 
spine with the other (the whole being properly insu- 
lated), when the needle of the instrument was per- 
manently deflected to the amount of 5^ or more- 
indicating the passage of a stream of electricity in the 


direction already mentioned, which continned for se- 
veral hours after death. Strange to say, Nobili mis- 
apprehended tho nature of the phenomenon, ascrib- 
ing it to Thermo-Electricity, though he ought to 
have been nndcccived by t^ singular intensity of 
the animal current, which, feeble as it is, can force 
its way along tliousands of feet, or even some miles of 
fine wire.* 

These experiments were renewed in 1837 by M. (739.) 
Mattcucci of Pisa, who has the merit of reviving the 
original and correct opinion of Galvani os to the vital 
source of this electricity. To his researches, and the Iteymoad. 
still later ones of Dr Du Bois Ileyroond of Berlin, we 
owe the knowledge of most of the facts as yet asocr- 
taiiied in this most difficult and obeeure branch of 
enquiry, where tho sources of error are so numerous 
as only to be eluded by consuminato skill on tho part 
of the experimenter. It appears to be established 
that the vital electricity exists both in the muscles 
and in the nerves of many, probably of all animals 
when living or recently dead ; that therefore tho frog 
current of Nobili is only a single case of tho general 
muscular current, and that tho latter arises from the 
olectro-motive action of even the minutest fibres of 
which a mnscle is composed— the general law being 
(according to Dr Dn Bois Reymond) that positive cloo- 
^dty moves from the transverse section to the longi- 
tudinal section of a mnscle or a nerve, or any portion 
of cither. Finally, the last-named writer has shown, 
to the satisfaction of many eminent men who have 
witnessed his experiments, that powerful muscular 
contraetioD, whether induced by stimuli or the result 
of volition, tends to dimmish the force of the natural 
muscular current This he demonstrated first on the 
firog poisoned by strychnine, but afterwards on the 
muscles of bis own arm, in which by voluntary con- 
traction he could diminish at will the force of the 
natural corrent which in the state of rest it directed 
from the shoulder to the band. 


I 2. Volta. — Progru$ of Di 9 tovoryinCo 7 tmon and Atmotphirie EUctrieiixf — The Eleciro-mo^ve 
Theory — Voltaic Pile — Chemical Analogiea and Dee^po$ition — Falibroni; Nicholson and 
Carlisle. 

Volta was the first among philosophers whose 
career lay solely in the study of electricity. Franklin 
and ^pinus, Boccaria and Wilke, Cavendish and 
Coulomb, gave it only a share of their attention; but 
Volta was from boyhood exclusively an electrician. 

Such devotion deserved success, and he achieved it. 

He was already famous, and an honorary fellow of 
the Royal Society, long before his principal discovery 
of the Pile. A review of his career may therefore 
be conveniently divided into two parts— what oon- 


' Oy*rt d4l IVI(a, U.. p. 13, 14. 

* TIm g^vmaoneMf oT [>u boii Kcjoioud eontelos 3*17 RaglUb ailw of virs, io S4,ld0 eoUi. 
’ 8m letter to Prieeiley la the Pint volune of Vi4te‘e HVrti. 

T 


oernt ordinary and atmospheric Electricity ; and the 
new doctrine of Galvanism and the Electro-motive 
force. 

I. Alessandro Volta was bom at Como, of a noble 
family,in 1745. His first paper on Electricity was ad- ejperi- ^ 
dress^ to Beccaria at the age of eighteen. But it was moot*^ 
not till 1775* that he published a description of the 
EUctrophor\t$y an ingenious instrument in which 
conducting body becomes electrified an indefinite num- 
ber of times in succession by being brought neat to an 
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excited cake of pitch and reain. This charge » re- 
ceived by iiwfMcfion merely ; and as it expends none 
of the electricity connected with the pitch, the euc- 
cessiee charges are precisely equal, a circamstanoe 
which onable^i Volta very simply to give a nume- 
rical value to the amounts of electricity used in his 
experiments, as they were given by one, two, or 
more contacts with the electmphonjs. The Con- 
rfenrer, an ingenious and useful instruroent for ac- 
cumulating small charges of electricity until they 
attain a measurable amount, or cause divergence in 
the electrometer, was described by Volta in 1782 in 
the TraniaetionM tfi4 Jfov'/t Society, its construction 
having occurred to him in following out the idea of 
the electrophorus. This instrument was ultimately 
of essential service in establishing his theory of Elec- 
tro-motion. The theory of both the electrophorus 
and condenser had been indicated by .£pinus some 
time before Volta constructed them ; but be did not 
apply them in the practical way which Volta did to 
the improvement of his science. Volta being, be- 
sides, unquestionably ignorant of .£pmus's labours, 
has been generally and justly reganled as the real 
inventor. Though both of these instruments depend 
on the principle of induced electricity, Volta never 
appears to have possessed correct views on that sub- 
ject, but throughout his writings speaks of electrical 
atmospheres, and uses other phrases of the old school 
of electricians, showing a certain vagueness in his 
conception which a study of the writings of his able 
contemporaries, £[unus and Coulomb, would have 
dissipated. 

(741) But Volta’s tact was unconnected with any tinge 
mathematical reasoning: His experimental aWlity, 
ElMtroae. his caution, and his persevering devotion to one snb- 
t*r. jeet, enabled him, however, to advance science in a 
different way. Even the simple Straw Electrometer 
which he generally used, was tested by him witli 
such skill and care as to lead to correct results in 
the measurement of small quantities of electricity. 
M. Biot bos indeed criticised his preference for so rude 
an instrument, which depends, mathematically con- 
sidered, upon repulsions of a very complicated cha- 
racter; but as Volta carefully tested its comparabi- 
lity up to 30*'' of divergence, and found it proportional 
to the force, there is no doubt that he was justi- 
fied in relying on its use; and Amgo, m opposition 
to his colleague, maintains that Volta’s essay on the 
Straw Electrometer is one of the best examples of 
experimental rcscareh which can be put into the stu- 
dent’s hands. This instniroeiit is described in the 
first of a series of letters to Lichtenberg collected in 
the first volume of his works; the subject of tlicsc 
letters bc*ing the Electricity of the Atmosphere. 

(743.) The important exporimcnls of Dnlibard and Frank- 
repeated with hital consequences by Kichmann, 
citj. had demonstrated the perfect resemblance or rather 
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identity of lightning and electricity. Lemonnier dis- 
covered the fact of electricity being manifested when 
no thunderstorm threatened, and even when the sky 
was cloudless, and that it was subject to diurnal va- 
riations of intensity. Beccaria farther ascertained 
that with a clear atmoephero the electricity of tlio 
air is always De Saussure, Dcloc, and 

Volta continued the interesting enquiry. The 
first, availing himself of the known action of points 
to draw ofiT cloctricity, connected his electrometer 
with a pointed rod two or three feet in length. 

Volta Bubsntuted for this the (lame of a lamp pro- 
ducing a heated current of air, which bos a won- 
derful power of drawing off electricity; and he sug- 
gested the employment of large fires during thunder- 
storms in preference to metallic conductors. Volta 
hesitates not to ascribe to the worshippers of Jupiter 
Tonatif the secret intention to draw off the electricity 
of lieavcn by the action of the flames on the altar.^ 

Arago has ingeniously suggested that a statistical 
enquiry as to the frequency of thunderstorms in the 
neighbourhood of e:^nsive iron-smelting furnaces 
might test the value of this safeguard. The straw 
electrometer which Volta connected with his appara- 
tus was capable (by a gradation of instruments of 
greater or less delicacy) of measuring numerically 
the force of charges from 1000 to 2000 units. 

That the chief source of atmospheric electricity is (744.) 
evaporation appears first to have occurred to Volta, 
and to have b^n first demonstrated by experiments ^ 
made either with him or by his suggestion, at Paris 
in 1780, by Lavoisier and Laplace. The history is 
given by Volta himself in a paper in the PMJotopMeal 
Traniaeti<ms for 1782. When water is thrown upon 
an insulated heated body so that evaporation takes 
place, or when hot coals are thrown into an insulated 
vessel of water, the hot body is usually found to be 
cloctrified negatively. Volta has very candidly stated 
the inversions of ef^t which occasionally occur, and , 

which still tlirow some doubt upon the precise signi- 
ficance of this very important experiment. Later 
experimenters have thought that absolutely pure 
water developes no electricity: this, however, will 
not affect the validity of the explanation of the origin 
of atmospheric electricity. To prevent misappre- 
hension it may be observed that the astonishing de- 
velo|)cmcnt of electricity from high-pressure steam 
escaping through a small aperture, as lately observed 
by Mr Armstrong, appears, from the experiments of 
Dr Faraday, to depend on an entirely different cause. 

Of Volta's electrical theory of Hail we cannot now 
stop to speak. 

Volta, who understood chemistry and who always (745.) 
took a peculiar interest in the inflammable gases, 
contrived the Eudiometer which is often erroneously 
called Cavendish’s, having been frequently used by 
that philMopher. The amount of ox^’gen in the air 
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* Oprre, tol. L, part 2., p. 205. Volta*a cootriTaaev da(M froia the begiaaiug of 1787. livnovtl imagined it Indepandenily. 


Digitized Coogle 



Ctur. VII., ; 2.] 


ELECTRICITY— VOLTA. 


165 


(746.) 
Praetickl 
ehartetcr 
of Votu’a 
iavMtioiai. 


{7470 
Hitiarv of 
tko Hl« 

wijrp*- 
p«n on 

gtlTROiflD. 


Hi* lottort 
to CftvtUo. 


is testocl bj mixing the latter in known proportions 
with hydrogen in a cloee vessel through which an 
electric spark can be passc<l. Detonation takes 
place, and the quantity of gas which has vanished (by 
conversion into water) measures the amoontof ogygen 
which has combined with hydrogen in the experi> 
ntent. It was for a long period employed as by tar 
the best means of testing the purity of air. 

All the preceding labours of Volta (and I do not in> 
tend to touch on any minor ones) have evidently an 
intensely practical character. His aim tliroughout 
was to improve the instrumental means of detecting 
and measuring electricity, and to detect and measure 
it as it occurr^ in practice, rather than to form theo- 
ries of its nature.* Even the discovery of galvanism, 
which vividly excited his interest, only partially di- 
verted him from his scientiiic destiny. Volta will 
indeed be always remembered as the author of the 
plausible theory of electro-motion, and as having 
corroctod the too exclusive doctrine of Galvani con- 
cerning the sources of electric excitement ; but his 
real claim to immortality is the invention of the Pile. 
To ibis part of the history wo therefore proceed. 

II. When Galvani announced his discoveries in 
the J?o^yne«s Transaction# in 1791,* Volta was 
Professor of Physics at Pavia, having been appointed 
to that post in 1774. As has been mentioned in a 
former section, the announcement of these researches 
excited the immediate attention of cloctricians and 
anatoiuists in every part of Europe. Of course Italy 
was not exempted from the general impulse. In that 
country physiological observations have always been 
prosecuted with interest and success ; and indeed it 
has never been deficient in persons of ability, whether 
in physical or in purely mathematical enquiries, since 
the very dawn of letters, at which time Italy made so 
distinguished a figure in literaiy' progress. V'olta, 
Aldini, Valli, and Spallanzani were all, at the time 
of which I now speak, actively engaged in the 
pursuit of science; and Galvani's opinion that the 
commotion of tbo frog by the connection of the 
muscle and nervo through a “ conducting arc’* of 
metal was due solely to animal electricity, was gene- 
rally adopted, and by none more cordially than by 
Volta in a letter ami memoirs pnblisbed in 
natc^/Ts younta/ early in 1792. These were speedily 
followed by two letters to Cavallo, dated October of 
the same year, and communicated to the lloyal So- 
ciety of Loudon, iu acknowledgement, as the author 
states, of the honour recently done him of electing 
him an Honorary Fellow. The title of this com- 
munication deserves notice,—" Account of some 
Discoveries made by Mr Galvani of Bologna, with 
Experiments and Observations on them * and 
also the first sentence (the letters are in French), 


— ^“Lo sujet dos decouvertes, et dot rechorches, 
dont je vais vous entretenir, Monsieur, est 

aiunuiU.** In the course of the paper, how- 
ever, he distinctly states that whilst he agrees with 
Galvani in considering that tbo convulsions of the 
frog, obtained with homogeneous conductors, are 
due to a proper animal electricity (§§ 12, IS), the 
more powerful effects occasioned by the contact of 
unlike metals are caused by ** common electricity" 
developed at the junction, and having the nature, not 
of a discliargo, but of a continued stream. Ho re- 
peats and modifies Galvani’s experiments on auimals, 
cold and warm-blooded, and makes intorcsting ob- 
servations on the excitement of the nerves of taste 
and sight by the contact of unlike metals. The con- 
clusion of lus paper is in oppoiition to its earlier 
portion. Uo expresses a grave doubt whether there 
be any vital eloctridty in the matter. 

The induction of Volta was imperfect in this, that (748.) 
he did not prove that the eSects which he attribntod ^ 
with great probability to the contact of metals pro- 
duced any other recogniscdelcctric efiect than the phy- Mtd«l. 
siological ones. Galvani had gone very nearly as far. 

Ho had even hesitated between the terms animal 
electricity and electricity of metals; he had considered 
the frog as a very sensitive electrometer, exactly as 
Volta did ; and the manner of so using and applying 
it is ascribed by the latter in this memoir to Galvani, 
who having tlius invented the instrument which 
for years served alone to indicate the presence of the 
new species of electricity— and having also described 
accurately the influence of the hctcrc^eneo n s metals 
in aiding the results~-lc{l to Volta only the credit of 
tlie assertion that in tome instances the eifect was 
due to the metals themselves, in others to the natural 
electricity of the animal frame. Under these cir- 
cumstances, I think that the award of the Copley 
Medal by the Royal Society to Volta, rather than to 
Galvani, was a questionable decision : tho groat va- 
lue of Volta’s poper, at the time, was undoubtedly 
that it directed tho attention of English experimen- 
ters to Galvani's discoveries, then quite recent and 
probaUy imperfectly known. * 

Many publications followed. I shall only notice (749.) 
that by Dr Fowler of Edinburgh (afterwards of Sails- RobiMD’i 
bury), which is remarkable as containing a letter by 
Prefossor John Koblson (335), who first thought of Voiu'i 
increasing the effect of heterogeoeons contact by using pU«. 

a numW of pieces of zinc made of the size of a shil- 
ling, and making them up into a rouleau with as 
many shillings." We have here unquestionably the 
first idea of tho pile, which moreover was actually 
constructed. This was in May 1793. It was only 
applied, however, to excite the nerves of the senses. 

In various scattered memoirs, from 1793 to 1796, (7M-) 


1 Hit organeota M to Ui« priiDsrjr Uw of clectrio sttroetiooi &oJ rspulsioos, ar« wbediy inezKt. Bis eltetroaDsWr was uafltlod 
for aueh en<|uiiiM. 

* Vot. vU, nis pap«r was ropHotod Mpsr«t«l)r at Modesa la 179S. * /’UfeMpMcal TVoMoesaMw, 179S. 

* Baa tha groaiuls of iba award atatad by Bir Joatpb Banka. Wald, R. .Saairty, U., 90S. 
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wc find Volta gradaallj insisting more on the purely 
mechanical nature of the electrical excitement. The 
last*namcd year produced an important letter to 
Grcn of Hallo, ^ which containa the real germ of the 
inrention of the pile, though it baa been little taken 
notice of. We there find conducting bodies divided 
into two clasaea, primary and secondary ; the first 
including metals, metallic ores, and charcoal ; the ae> 
oond liquids, solutions, animal tiasuoa, &e. The first 
class he also called motorM, Using the prepared 
frog always as an indicator, he tried the ef^t of 
combining three or more elements of the two kinds. 
Ho found that a double combination of three ele* 


menta, when arranged so that their order was re- 
vcrse<l, neutralized each other, or produced no 
spasm i on the contrary, when the two combinations 
couspired in direction, the conrulaions were in* 
Inrfniton (§ § This apj^ars to define the 

of tbs pil«. Volta^s discovery of the principle of the pile 

— that, namely, of superadding minute efiecU — to be 
August 1796. The form of the arrangement resembled 
that afterwards adopted in the CouroitM des Ta»se». 
The second letter to Gren, dated the same month of 
August 1796, containa the important discovery (the 
most important abstractly of any due to Volta), that 
the electricity aet in motion by the contact of unlike 
metals may, by means of the condenser (due also to 
him), be made eyident by the usual effect of repul- 
sion on the common electrometer : — thus when zinc 
and silver are used, the former is positive, the latter 
R*pa)«ioD negative, and so of other metals. Volta nsod for 
da* to oon> this experiment Nicholson’s ingenious modification of 
his own condenser, called a Revolving Doubler. It 
must be owned that the experiment, in its simplest 
form, is difficult of repetition, and that Nicholson’s 
instrument sometimes gives delusive results. But 
Volta's great address in practical electricity, and his 
fairness in stating his results, leave no doubt of the 
reality of his discovery, which evidently for the first 
time eliminated the physiological element of Gal- 
vani’s experiments, leaving the recognised mechanical 
effects of electricity duo to the contact of unlike 
metals; and, therefore, deserved the highest honour 
which could be bestowed. Pfaff had already con- 
structed a table of the electro-motive power of metals 
by their actions on the frog, in which zinc stood at 
one end, carbon at the other. But one of the most 
curious parts of the paper by Volta is the evidence of 
a strong suspicion which had crossed his mind, and 
been for a time cotertainod, that in his experiments 
with combinations of three elements— two metallic, 
and one humid — the electricity was developed sepa- 
rately at the contacts of the latter with the two for- 
mer, and that the resulting current was merely the 
difference of the two in favour of the stronger. Troly 
in this whole history we may S4S0 how first sng- 
gestions have a peculiar and intuitive worth, which 


reflection and controversy offen only obscure ! TUs 
is, of course, the case rather in the research of causes 
than of the means of rendering discovery practical. 

Whilst Volta was thus maintaining the opinion (7S1). 
that the electricity excited by the contact of metals 
was entirely mochanical, and due to contact merely ; [bceb^i- 
— and whilst Galvani, his relative Aldini, and others, e«l origin 
maintained strenuously the vital theory, in which they g*Jv»a- 
wore substantially confirmed by no less authorities 
than Wells and Baron von Humboldt — a third school 
appeared, at first little popular, represented by Fab- 
naoM, a Tuscan chemist and natural philosopher of 
no small merit. His papers published, 1 believe, 
in 1799, though written several years previously, and 
some 08 far b^k as 1792, of which a full abstract is 
given in Nicolson’s Journal,^ show great acuteness. 

He attributed the effects of the contact of metals to 
a chemical action developed at the place of contact. 

He referred to Sulzer's experiment of the taste of 
heterogeneous metals appli^ to the tongue— and to 
many instances of the rapid oxidation of beterogenoous 
motals in contact, when exposed to host and mois- 
ture. Amongst others, by a remarkable anticipation 
of one of Uie most curious applications of the ele<^ 
tro-chcmical theory, he notices the oxidation of the 
copper sheathing of ships. Without ** excluding all 
electrical influence from the prodigious effects of gal- 
vanism,’* ho infers that there are chemical forces 
exerted with the swiftness of ‘lightning,” to which 
the physiological effects, and perhaps some others 
ascribed to electricity, are probably due. Thus, he 
says, “ the experiment of Sulzcr is nothing more 
than acorn buBtion or chemical operation, as is proved 
not only by its result but by its duration ; for elec- 
tricity acts always instantaneously, whereas the ef- 
fect of chemical affinities continues so long as the 
re-ogenU are not satnrated.” The weak point of 
Volta’s theory of electro-motion is here cleverly hit. 

That effects indefinitely prolonged, capable of pro- 
ducing mechanical, chemical, and vital changes, 
without any mutual action between the touching 
bodies, save mere pressure, appears indeed a paradox 
startling even to a first inventor, but which, when 
maintained by successive generations of able men, 
may rank as a delusion more Aiemorable than the 
phlogistic theory of the older chemists. Fabhroni 
did not himself pursue his ingenious speculations, 
hut his papers, though now almost forgotten, acted 
powerfully on the minds of his contemporaries, as 
we shall see in the next section. He died at the age 
of 70, in 1822, having spent most of his life in pa- 
triotic and useful labours in his native country.* 

Wc have seen that already in 1796 Volta had ar- ) 
rived at a knowledge of the principle that the electric '^**^^*J 
effect of the metals might be increased by combining 
two sets of triple elements similarly dispose<l, which, tnd it* «f- 
unknown to. him, Robison had already done (749). 


• \ olu, Optrt, toL U., p*rt S. • Jd quarto, vol, ir. (1800). * See ea ■ocouot of bim bt the third voliuae of Cavier's Klofftt, 
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But three jears eeem to have elapsed before he wa.s 
led to the inventioD of the pile, altbou^h it is in truth 
nothing more than the same arrangement frequently 
repeated. In March ISUO he wrote from Como a 
letter to Sir Joseph Banks, which was printed in the 
Philosophical TransaetionM for the same year, and in 
which he describes the Pile and the Couronnodfs Tas- 
tes. The former consisted of 20 or more copper or sil- 
ver coins interlaid with as many disks of tin or zinc, 
and others of paper or leather, soaked in water or 
brine. The same ordcrof sequence of the three elements 
was carefully preserved throughout ; and the whole 
formed a ve^cal pile or rouleau. Several such {nics 
could be used together. Theeffects were — 1. The ready 
excitement of the common electrometer by the aid of 
the condenser ; 2. The production of smart shocks 
through the hiuids and arms, similar to those pro- 
duced by the torpedo; 3. The production of vivid 
sensations of taste, of sound in the cars, and of flashes 
of light. There was nothing new in these eflects (it 
may bo seen) except that their intensity was much 
exalted, and the verification of the metallic theory 
was thereby rendered more easy. Volta attributes 
the actioQ to the effect of ** simple contacP’ of the me- 
tals, allowing to the fluid clement no other share tlian 
that of conducting sufficiently, hut not too rapidly, 
the impulse thus excited. Having an eye probably to 
Fabbroni's opinions, he insists on the superior effects 
obtained with saline and alcaline fluids, and with hot 
in preference to cold fluids, being explicable solely 
by their increased conducting power. Ho justly de- 
scribee the effects of the pile as similar to those of 
an immense electric battery with a very feeble charge ; 
only the action is continuous, instead of intermittent 

But the invention had scarcely become known in 
London when the importance of the pile, as an in- 
strument of discovery, was keenly approdatod in 
consequence of one capital discovery. 

Nicholso.v, a good electrician and chemist, and 
CAaLiBLB (af\erweu^ls Sir Anthony), a medical man, 
were the first in England to construct one of Volta's 
piles. It consisted first of 17, ofu^rwards of 36, half- 
crowns, with as many disks of zinc and of paste- 
board, soaked in salt water. Experimenting upon 
the electrical effects bf the pile, they used a drop of 
water ** to make sure the contacts" upon the upper 
plate. Carlisle first observed a disengagement of 
gas round the wire which tbc water moistened. 
Nicholson suspected it to bo hydrogen, and pro- 
posed to break the circuit by enclosing water in a 
tube between the two wires. This was accordingly 
done on the 2d May 1600, within a month of the 
arrival in England of the first four poges of Volta’s 
letter to Sir J. Banks, which preceded the remainder 
by a considerable space of time. The brass wire in 
the water tube, which was connected with the posi- 
tive end of the pile, became tamisbed and black, 


whilst minute bubbles of gas were evolved ft'om the 
other, to the amount of ^ cubic inch in 2 ^ 

hours. Being mixed with an equal quantity of com- 
mon mr, and a lighted waxed thread being applied, 
it exploded. It was, therefore, concluded to be hv- 
drogen derived from the decomposition of the water, 
whose oxygen had combined with the brass of the 
positive wire.^ Nicholson, it appears, was well ac- 
quainted with Fabbroni's writings on the relation of 
galvanism to chemical action ; and in the very paper 
where he describes Volta's pile and his own discovery, 
ho expresses his astonishment that Volta should 
have taken no notice of Fabbroni's results, or of the 
rapid oxidation of zinc in contact with other metals 
which appears in the pile, and which had been no- 
ticed by Fabbroni in every case where two metals 
differing in oxidability are placed in water, and 
in contact with each other. The experiment was 
repeated at Vienna, and then by Volta himself, who 
called attention to an experiment by three Dutch 
chemisto, Poets, Van Troostwyk, and Dieman, who 
had decomposed water by common electricity in 
1789. 

Volta, himself, however, did not enter with zeal (768.) 
upon this new career ; he even IcR to others the 
task of improving the form and increasing the energy 
of his battery, which was first done by the usiful from h*- 
anrangement of Cruickshank. He was now ap- 
proaching his 60th year, and seems to have been , 

not indisposed to pass an old ago of case, and to re- 
ccivo in tranquillity the marks of distinction which 
were showered upon him. In 1801 Napoleon called 
him to Paris, attended the meeting of the Institute 
where Volta explained his theory of the pile, caused 
to bo voted to him on the spot a gold medal, and 
sent him home with a valuable present in money. 

Ho was then made a Senator, finally a Count : he was 
also made an Associate of the Institute in 1802. 

No scientific discovery ever excited the enthusiasm 
of Napoleon to the same degree as that of the 
File. He even extemporized a theory of life from 
its phenomena, comparing the vertebral column 
in man to the pile, the bladder being the posi- 
tive and the liver the negative pole. An eminent 
medical chemist. Dr Prout, has seriously main- 
tained a somewhat similar hypothesis. The fa- 
vours lavished on Volta excited, perhaps, some jea- 
lousy amongst the French philosophers; for it is 
remarkable how little was added in Fmnce to the 
progress of the revived science of electricity. The 
French ruler, however, had himself in some measure 
to blame for this ; for the rigid exclusion of foreign, 
and especially of English publications, for a number 
of years, was felt to be highly injurious, and was in 
vain remonstrated against by fierihollet and others. 

Volta survived his great invention above a qiiar- ( 709 ,) 
ter of a century. Ho died 5tb March 1827. aged 82. Uu de«ih. 


^ NicbotMw'i /Aiintai (ieric* ia qosrto), tv., I?** 
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ni« acientific choraeter is cuily aummed ap. He 
was patient, intelligent, and devoted to science from 
youth to age. Ho had, in an eminent degree, that 
patience a^ tenacity of purpose and of interest 
which Newton described as the chief attributes of his 
own genius. Ho had the candour which is more 
especially to bo desired in the experimentalist; and 
he wrote without pretension, and generally clearly, 
though not without that diffuseness which is often 
associated with the use of the Italian langu^ 
even in matters of science. On the other liand, his 
intellect may be rather described as opening itself to 
conviction, than os forcing its way by a native power 
of penetration to great results. His taste and his 
talent lay far more in experimental than in abstract 
reasoning. His explanations of the eflbcts which he 
observed were often involved and obscure ; yet he had 
a very happy talent of combination, which led him 


to efTcct what others only talked about. His instru- 
mental inventions, including the pile, were his hap- 
piest efforts. HU thoorics, on the other hand, were 
surrounded, even in his own mind, with a certain 
obscurity. Even the contact theory, with its manifold 
paradoxes, was perhaps only vigorously carried out 
by him nnder the excitement of an active contro- 
versy. The invention of the pile may, in very many 
respects, bo placed on a par with that of the steam- 
engine. The results of the former wore indeed more 
interesting, immodUtcly, to pure science; the latter 
to the arts of life and the ne^s of civilization. Yet, 
after half a century, this distinction can hardly be 
drawn with severity. The rapid pace of steam is 
insulTicicat for our demands. The electric wire con- 
veys to its destination, ere the locomotive has time to 
start on its journey, tidings of joy and sorrow-life 
and death— of victories won, and kingdoms lost. 


§ 3. Sir Humphry Davy. Progress of Voltaic EUctricHy — Electro-Chemistry ; Berzelius. — 
Davy* $ Invention of the Shfety-Lamp. — Wollaston; lua Electrical and other Ohaervaliont. 
Contraat of hia Character with that of Davy. 


The pile of Volta was, in one sense, rather a 
means of discovery than a discovery itself. Volta 
hod neither a just theory of the source of power 
which he invented, nor was bo successful in applying 
it to any important research. The discovery of )U 
chemical efficiency by Nicholson and Carlisle, stimu- 
lated, as wc have seen, for a short time bU interest 
and curiosity; hut he never seriously attached him- 
self to this line of discovery. His subsequent papers 
are chiefly controversial, in support of the Contact 
theory. The generation, as well as the expendi- 
ture of chemical forces hy the pile, consequently re- 
mained, os for os he was concerned, in complete 
obscurity. 

The invention of the pile having been communi- 
cated to the world through the Koval Society, natu- 
rally gave an impulse to English electricians and che- 
mists. The 6rst discoverers of its chemical energy 
did not however themselves prosecute their experi- 
ments to a great extent, but Cruickshanks decom- 
posed salts and the metals by the voltaic 

current, whilst be improved the form of the appa- 
ratus in an important manner. Colonel Haldane 
ascertained the significant fact that the action of the 
pile cannot be continued in an atmosphere deprived 
of its oxygen. Hisinger and Berzelius, carrying out 
Cruickshanks* experiments, showed that, generally 
in the decomposition of compounds, the alcaline and 
metallic elements appear to be attracted towards the 
negative wire of the battery, and the acids to tlic po- 
sitive one. In the mean time, Davy and Wollaston 
appeared on the arena, and' the former especially filled 
so important a part in the history of science for the 
next twenty years, that we can hardly give his name 
too great a prominence in a review of tlie character- 
istics of the {Kiriod. Tlic constitution of Davj'*s mind 


was also more than usually interesting, and his career 
of dis4tevcry, short, brilliant, and decisive, is at once 
one of the most instructive and remarkable of 
those which we have to consider. The contrast be- 
tween him and his contemporary, Wollaston, was 
one of those curious antitheses of really great minds 
which occasionally occur in sucli close connection, 
and with such prominent relief, as to compel rather 
than invite a comparison between them. It is an 
instructive lesson to observe, how natures, the most 
unlike, cultivated in a school the most opposite, may 
yet, when both directed by a common impulse to 
similar objects, promote the development of truth, 
and the cause of scientific discovery. 

Sir HcMPHar Davy was bom at Penzance on the 
17th December 177d> His was an ardent boyhood. D»vy 
Educated in a manner somewhat irregular, and with — -hu tarW 
only the ordinary advantages of a remote country town, *>i*w*7 
liis talents appeared in the earnestness with which he 
cultivated at once the most various branches of know- 
ledge and speculation. He was fond of metaphysics; 
he was fond of experiment ; ho was an ardent student 
of nature ; and he possessed at au early ago poetic 
powers, which, hod they been cultivated, would, in the 
opinion of com|>etcnt judges, have ma«le him as emi- 
nent in literature as he bi^tnc in science. AU these 
tastes endured throughout life. Business could not 
stifle them,— even the approach of death was un- 
able to extinguish them. The reveries of his boy. 
hood on the sco-wom cliffs of MoiinPs Bay, may yet 
be traced in many of the pages dictated during the 
last year of his life amidst the ruins of Uio Coli- 
seum. But the physical sciences — those more em- 
phatically called at that time chemical — speedily 
attracted and absorbed his most earnest attention. 

The philosophy of the im^ioaderables— of Xiight, Heat, 
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and Electricitj^—waa the fnbject of KU earliest, and 
also that of his happiest eesajs. He was a very able 
chemist in the strictest sense of the word, althouj^h 
his ardour and his rapidity of generalizing might seem 
to unfit him, in some measure, for a pursuit which 
requires such intense watchfulness with regard to roi- 
nutiev, such patient weighings of fractions of a grain, 
such htK]uc[it though easy calculations. To Caven- 
dish and Dalton, his great contemporaries — to whom 
wc may now add Wollaston — these things were a 
pleasure in themselves ; to Davy they must over have 
been irksome indispensablee to the discovery of truth. 
But, in fact, Davy's discoveries were almost indepen> 
dent of such quantitative details: Numerical rel.v 
tions, and harmony of proportion, did not alfect his 
mind with pleasure, which posaibly was one reason 
of his deficient approciation of works of art, the 
more remarkable ^om his poetic temperament. 
Dalton*s doctrine of atomic combinations was (as wc 
have seen) slowly and doubtfully received by him 
whilst Wollaston peroeivod its truth instantaneously. 
A keener relish for such relations might most natu- 
rally have led Davy to on antici{)atioa of Mr Fara- 
day’s notable discovery of the definite character of 
electrical decomposition, and the coincidence of the 
Electro-chemical proportions for dificrent 1?odiet with 
tlicir atomic weights. 

early papers of Davy refer chiefly to Heat, 
pspera, and and Electricity. He was, in fact, a physicist 

axperi* more than a chemist. Whilst yet a surgeon’s ap- 
prentice at Penzance, he satisfied himself of the ira- 
oiida. materiality of heat, which he illustrated by some in- 
genious experiments, in which, concurring unawares 
with the conclusions of his future patron Uumford, 
he laid one foundation of his promotion. Removed 
to a sphere of really scientific activity at Clifton, 
under Dr Beddocs,' he executed those striking re- 
searches in pneumatic chemistry and the physiologi- 
cal effects of breathing various gases which gave him 
his first reputation; researches so artluatis and full of 
risk as to require a chemist in the vigour of life, 
and urged by an unextingnishable thirst for dis- 
covery, to undertake them. Even his brilliant dis- 
covery of the effects of inhaling nitrous oxide brought 
no competitor into iho field ; and the use of auss- 
thetics, which might naturally have follow&d — the 
greatest discovery (if wc except, perhaps, that of 
vaccinatioD) for the relief of su^cring humanity 
made in any age — was delayed for another generation. 
But 80 it was in all his triumphs. He never seemed 
to drain the cup of discovery. He quaffed only its 
ftiashest part. He felt the impulse of un unlimited 
command of resources. He carried on rapidly, and 


seemingly without onler, several investigations at 
once. As in conversation he is described as seem- 
ing to know what one was going to say before utter- 
ing it, — he ha<l the art of divining things complex 
and obscure. Seizing on results, he left to others the 
not-inconsidemble merit, as well as labour, of pur- 
suing the details. Keenly alive as he was to the 
value of fame, and the applause which his talents 
soon obtained for him, he loft enough of both for bis 
friends ; his contemporaries, as well as his successors, 
were enabled to weavo a chaplet from the laurels 
which ho hod not stooped to gather. 

These remarks apply quite as strongly to his dis- (762.) 
coTeries in the laws and facts of electro-comical de- 
composition — those on which his famo moat securely 
rests. Promoteil in 1801 to a situation in the Labo- itUadon— 
ratory of the Royal Institution in London, he attached •*1’*^** 
himself to the study of galvanism in the interval 
tho other and more purely chemical pursuits which 
the duties of his situation required. Ho had already, 
at Clifton, made experiments with the pile of V^olta, 
and taken part in tho discussion of iU theory and 
effects, then (as we have seen) so actively carried on 
in Britain. In his papers of that period wo find not 
only excellent experiments, but happy and just rea- 
soning. The chemical tlieory of the pile — namely, 
that the electrical effects ob^'rved by Galvsni and 
Volta are duo solely or chiefly to the chemical ac- 
tion of the fluid element on the metals — was more 
strongly embraced by him then than afterwards. In 
November 1800 ho concluded that “ tho pile of 
Volta acts only when the conducting substance be- 
tween the plates is capable of oxidating the zinc ; 
and that in proportion as a greater quantity of oxy- 
gen enters into combination with the zinc in a given 
time, so in poportion is the power of the pile to de- 
compose water and to give the shi>ck greater.” He 
concludes that ” the chemical changes connected 
with” oxidation ” arc »omehow the cause of the elec- 
trical eflect it produces.”' His views on this sub- 
ject underwent some modification afterwards, in 
nis El«\neut» of Chemical PAifosof Ay, published twelve 
years later, wc find the fulluwiiig statement of his 
opinions on the subject; — ** Electrical effects ore exhi- 
bited by tho same bodies acting us masses, which 
produce chemical phenomena when acting by their 
prlictcs ; it is, therefore, not improbable that the 
primary cause of both may be the same.” A little 
further on he adds : — They,” speaking of electrical 
and chemical energies, *'aru conceived to bo </u- 
(inct phenomena, but produced by the tume power 
acting in the ono case on masses, in the other on par- 


ticle®.”* 


^ Dsvy bit off bU priocip*rs ia » liagls stnUnce.— '* IlMiUoM bad ulcouwbicb would bav* «xtJt«d bim to tbs plo- 

asels of phtltisophical smlesoce, if tbsy btd bees spplicd with disentioD.” 

• Works, II., 162. 

* Works, iv., 119. Ib bis Bokerkn teeters (1806), he bad isld. ** In tbs prssent stats of our koowlsdge. tt would bs useless 
to attempt to speculate on the remote cause of the electrical eoergy, or tbs reason why different bodies, after being brought into 
contact, should be fouad differently electrified; its relation to chemical affinity is, bowsver, lufficisDtiy evideat. May it Dot 
bs idsnllcal with it, aad aa essential property of matter Works, e., p. 39. 
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EUetr<^ch«mical Theory — of the 
AleaUee . — In 1804 Berzelius had published, io con- 
junction with Hisinger, a paper on Electro-chemical 
Decompositions, in which he insisted on the general 
' fact.thatalcalies, earths, and combustible bodies seem 
to bo attracted to the negative polo, and oxTgen and 
acids to the positive. He also .showed that the sub* 
division of l^ies thus obtained was only a relative 
not on absolute one; for the same body may act 
&8 a base to a second, and os an ae»d to a third. 
But we must observe that results almost similar 
were contained in the early papers of Davy, and 
that Berzelius did not carry out his own principle 
so far as to lead to any striking discovery between 
18U3 (when his experiments were made) and 18U6 
(the date of Davy’s first Bakcriau lecture), during 
which time the science of Galvanism or Voltaism 
made little real progress. The numerous experi- 
menters engaged with it were bafBed by the anoma- 
lous chemical results obtained, and by the appearance 
of docom|>osition8 under circumstances wholly unex- 
pected, such as appeared to threaten the existence of 
some of the best established chemical truths. The 
chemical theory of the pile, at first so plausible, pre- 
sented new difficulties, and Berzelius having for a 
while defended it, returned to the simple contact 
theory of Volta. It was then that Davy seriously 
addressed himself to the subject, resolved to trace 
to their source every chemical anomaly ; and this 
he effected in a masterly manner in his Bakerian le^ 
tore read before the Royal Society in 1806. In it he 
traces the unaccountable results of his predecessors to 
impurities in the materials used by them, or to those of 
the vessels in which the decompositions were made; 
and he brings into a for distincter light than his pre- 
decessors h^ done, the power of the galvanic circuit 
to suspend or reverse the action of even powerful 
chemical affinity ; " different bodies naturally pos- 
sessed of chemical affiuilics appearing incapable of 
combining or of remaining in combination when placed 
in a state of electricity different from their natural 
order.” We here see the fundamental doctrine of 
the electro-chemical theory, that all bodies possess 
a place in the great scale of natural electrical rela- 
tions to one another ; that chemical rcacdons are 
intimately oonnectod with this electric state, and arc 
suspended or reversed by its alteration. 

In the interpretation of those striking experi- 
ments, in which he caused acids to poos to the posi- 
tive pole of the battery through the midst of alcaline 
solutions, and the converse, we find so dose an ap- 
proach to the theory of polar decomposition as enfor- 
ced by the discoveries and reasoning of Mr Faraday, 
that it seems impossihlo to deny to Davy the merit 
of having first perceived these curious relations. 

It is very natu^,” he says, ** to suppose that the 
ropellant and attractive energies are communicated 


from one particle to another partids of the same kind 
so as to establish a conducting chain in the fluid, 
and that the locomotion takes place in consequence;” 
and presently adds, there may possibly be a succes- 
sion of decompositions and recompositions through- 
out the fluid” (p. 29).^ Ho likewise shows (p. 21) 
that the decomposing power does not reside in the 
wire or pole, but may he extenrled indefinitivcly 
through a fluid medium capable of conducting elec- 
tricity. Mr Faraday's experiments, which led him to 
discard the term pole, load to the same conclusion, 
and are of the same character. A few pages further 
on in this same Bakerian lecture, Davy observes (p. 

42), that *' allowing that combination depends on a 
balance of the natural electrical energies of bodies, 
it is easy to conceive that a measure may ho found 
of the akifidal energies as to intensity and quantity 
capable of destroying this equilibrium ; and such a 
measure would enable us to make a scale of electrical 
powers corresponding to degrees of affinity.* Here 
we see the acute presentiment of the beautiful disco- 
very of the definiteness of electrical decompositions; 
as in the concluding portion of the same remarkable 
paper we find a clear anticipation of natural elec- 
trical currents to be discovered in mineral, and espe- 
cially metalliferous deposits, since established by 
Mr R. W. Fox, and of the agency of feeble electric 
energies, long continued, in cffcclmg geological chan- 
ges, and in producing insoluble combinations of earths 
and metals, so ingeniously confirmed by the beautiful 
and direct experiments of Bccquerel. 

The sequel to this remarkable paper, read to the (766.) 
Royal Society in November 1807, contained ihesplen- B*- 

did application of the principle and methods which it 
described, to the decomposition of the alcalies and tOcompo*)- 
thc discovery of their singular bases,— substances po- non of th* 
sessing the lustre and malleability of metals, yet so 
light as to float upon water, and having the extraordi- 
nary property of becoming inflamed in contact with 
ice. Potassium was discovered in the Laboratory of 
the Royal Institution on the 6th October 1807, and 
sodium a few days later. The battery used con- 
tained 260 pairs of plates of 6 and 4 inches square. 

Such success was fitted to charm a disposition like 
that of Davy, and more than reward him fur all his 
toils. To have discovered two new bodies, and 
opened an entirely new field of wide chemical re- 
search, would itself have been enough. But the 
extraordinary properties of the new bases were such 
as seemed to correspond to the lively imagination 
of the Chemist who produced them, and to transport 
him to an Aladdin’s palace more brilliant than even 
his fertilo imagination had ever conceived. Yet it is 
pleasing to remember that these popular discoveries Receir** * 
followed, at the interval of a year, the patient 
able researches which led him to them, and which tut* of 
had already been rewarded, at a period of the bitter- t'rsoc*. 


* Of tfa* DskerUa Lecturr, in hit collected Works. 
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est intrrnntiunal hostilities, !)▼ tho scientifir prize of 
3000 fraucs, fotintled by the Emperor Napoleon.^ 
The ge»ias dtsplayctl in these, Davy’s most cele- 
brated researches, is evident on a careful perusal of 
hU papers; but still more from a consideration of tho 
state of 8cien<» of the time, and of tho willing tribute 
to his merits paid by the ablest of his contempo- 
raries. Few persons of the present day will venturo 
to controvert the assertion of his acute contem- 
porary, Dr Thomas Young (than whom no man was 
ever a less indiscriminate eulogist), that Davy’s 
researches were *'more splendidly successful than 
any which have ever before illustrated the physical 
sciences, in any of their departments and that tho 
contents of the B<tktri*in Xretiirrs, in particular, are 
as much superior to those of Newton's Optics, as tho 
Brineipia are superior to these or any other human 
work.” ® A not less impartial tribute to his superla- 
tive genius has been yielde<l by M. Dumas, who, if I 
mistake not, lias describetl Davy as being tho ablest 
and most successful chemist who ever lived. A si- 
milar homage is paid to him by the sagacious Cnvier. 

It is not within our M»pe to consider minutely 
levy’s purely chemical discoveries and experiments, 
though they were numerous and important, indepen- 
dently of those made with the aid of electricity. His 
proofs of the clcmcncary nature of chlorine and iodine 
were amongst the most considerable in their results. 
But as a mere analyst, Davy had neither the leisure 
nor the taste for continuous plodding labour, and 
lie tlierefore naturally made mistakes in chemical 
details. His Elements of Chemical Philosophy re- 
mained, iu consequence, a fragment of an exten- 
sive work. His contemporary, Berzelius, following 
his steps in clectro-chemical discovery, attained far 
greater address, and liecamc an author of high and 
muriu.Nl reputation, whilst his school surjiassed all 
othernin Eun>peln producing accomplished analysts.* 
The year# immediately following the publication of 
ins Bakerian JCeetures were passed by Davy in the 
u envied possession of the highest fame, and in the 
tranquil furtherance of hi# hrst and greatest disco- 
veries. His lectures at the Iloyal Institution con- 
tinued to be one of the most fashionable resorts in 
London, and he was freely admitted in return into 
tho moat aristocratic society ; be had but to express a 
wish, and a voltaic itatiory of no less than 2000 pairs, 
containing 128,000 square iuchcs of surface, wo# con- 
structed for hi# use, hy means of a liberal subscrip- 
tion. His he.ilth, when seriously compromises! by 
the severity of his labours, was a matter of public 
concern, and its variations were annonnccfl by frequent 
bulletins. Tho copyright of bis lectures on agricul- 
ture was sold fur a price unexampled perhaps before 


or since for such a work. In 1812 he was knighted 
by (he Prinou Begeul, and soon after he married a 
l^y of fortune and accomplishments. His duties at 
the Uoyal Institution became thenceforth bonorary. 

Ho had in a space of ten years attained the pinnacle of 
scientiHc reputation, and he was for the time truly 
happy: — unenvious of others — deeply attached to 
his relatives — generous of his resources— unwearied 
in his philosophic labours. A certain change (it 
must with regret bo owned) came over bis state of 
mind, tarnishc<l hU serenity, and gradually though 
imperceptibly weakened hi# scientitic zeal. It was 
to be ascribed solely, we believe, to the severe ordeal 
of exuberaut but heartless popularity which be un- 
derwent in Loudon. The ilattcrics of fashionable 
life acting on a young, ardent, and most susceptible 
mind, mingling first with the graver applause of his 
philosophic compeers, and at length, by their reitera- 
tion and sciluctioDS quite overpowering it, by degrees 
attached Davy to the fashionable world, and loosened 
his ties to tliat laboratory which hod on»3 been to him 
(be sole and fit scene of his triumphs. Hod he been 
blest with a family, his course would probably have 
been evener and liappier. Let us not severely criti- 
cise, w'here we still find so much to admire and to imi- 
tate. But we record the fact, for the consolation of 
those who, beginning tlic pursuit of science, as Davy 
did, in a humble sphere, and with pure ardour, may 
fancy that they arc worthy of pity, if they do not at- 
tain with him the honours of wealth and title, and the 
homage, grateful to talent, of rank, wit, and beauty. 

A research, second perhaps only to his electro- (769.) 
chemical discoveries, remains to be noticed, 
chief fruit of the (Aird period of his life, on which we ° 
now enter; the Jlrst l>cing his early career before 
settling in London ; the second, that passcNl in the 
Royal Institution. 

Researches on Elame-—The Sa/ety~Lamp.— Tho (T70.) 
subject was, the laws of combustion, and the happy 
invention of tlie safety-lamp. Though intimately nitty- 
connected with the doctrine of simple heat, it may, l&np. 
most properly, from its chemical character, and 
from its connection with Davy’s history, be considered 
briefly here. The lamentable loss of life occurring 
in c#jal mines from explosions of fire-damp or inflam- 
mable air disengaged from tbe workings, had for 
many years attracU?d the attention and syuqiathy of 
the public, and hud likewise been carefully considered 
by scientific men. The explosive gas was known to 
be tbe light carburetted hydrogen. Two plans ulooo 
seemed to present themselves for diminishing tho 
danger: — the one to remove, or chemically to do- 
comiKise the fire-damp altogether; the other, to pro- 
vide a miner’s lamp which, by its construction, should 


* Such wa« th« DstioDai feeling at Lb)» time la England, that worthy people were found who eoiuidcred Davy as alt&ost a 
tniter. wheo ha accepted the French prise, hee Soaihey’s L^. 

* i^tarteriy Jieinew, So. 15. 

Bcrtellos ^ dons Jacob Uerseliita, the greatest analytical cbemiat of hU day, was bont In Esmt Gotbland. in Che same year with Davy, 
and died in 184S, when he had almoft comp)at<'d bis 69tb year. He contributed, to a signal manner, to the catablisbaeat of 
Dalton’s principle of dsfioite chemical eqalvalents; but 1 m made do sioglc discorery of coreioaodLDg inportanre. 
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lie inca|iablc of causing explosion. Tlie former of 
these imxiai of protection, it was soon seen, could only 
lie palliatiro; the onW clficient form which it took, 
was Uiat of a more eifectual ventilation ; Imt the ter- 
rihe ra|udity with w hich a mine mar be suddenly in- 
vaded hy firc-<Iamp, from channels opened by a single 
blow of the pickaxe, must prevent it fnnn ever act- 
ing as a cure. The latter plan hoil as yet mdded 
nothing mure eflectual tlian the stctl miU long used 
by miueirs, which prtxluccd an unrcrtiiin and inter- 
mitting light, by the rotation of a steel wheel oguinst 
a flint, the scintillations of which were incapable of 
toflaming the llnMlamp. The insufliciency of die 
light prevented it from being used, except in circum- 
stances of known danger. The celebrated Baron 
Humboldt, Dr Clanny, and several others, had in- 
Wttteil safety-lamps on diffirrent principles ; hut they 
were all clumsy attd more or less incHectital.^ 

(771.) At last, ill the summer of 1815, the Rev. Dr 
Gray (afterwanls Bishop of Bristol), then cliair- 
tion orUw * commiuco appointed by a benevolent os- 

Mf«tj sociation at Bishop Weanuoulh fur the prevention of 

lamp. colliery accidents, applkd to Davy, who ivas tlicn on 

n sporting tour in Scotland, requesting his advice and 
assistaiice. Sir Humphry answered the call with 
prumplitude. On his southward journey, in the 
latter part of August, he visited the collieries, ascer- 
tained the circumstances of the danger which lie had 
to meet, and was ]»ro%‘i4led by Mr Buddie with speci- 
iiiens of the inflammable air for examination. Within 
a fortnight after hia return to London, be liad ascer- 
tained new and imp<irtant qualities of the substance, 
awl Itad alremly fi>ur schemes on hand for the pre- 
ventiou of aeci*lcnt. Before the eixl of October, he 
had arrived at the following principles of operation 
in connectiou with a saTcty-lamp. ** First, A certain 
mixture of azote and carlmnic acid prevents the ex- 
plosion of the fln'-damp, and this mixture is neces- 
sarily fonnod in the safe-lantern ; secon»Uy, The fire- 
damp wiU not (Xfilodf in tulics or fc^eders of a certain 
small diameter. The ingress Co, and egress of air from 
my lantern,*’ lie adds, ** is through such tubes or feed- 
ers; and, tlwrefore, when an explosion is artijlciall^ 
made in tlw safe-lautem, it does not communicate to 
the external air.” The elfect of narrow tubes in inter- 
cepting the passage of flame, is due to the cooling effect 
of their metallic sides upon the eombusiible gases of 
which flame is composed ;* and one of his first and 
most im|)ortant ohservations was the fortunate |>ecn- 
liarity that fire-damp, even when mixed with the 
amount of air most favourable to combustion (1 part 
of gas to 7 or B of air), requires nn unusually high 
tenqieraturc to induce combination. Olefiant gas, 
carbonic oxide, and sulphuretted hydrogen, are all in- 
flamed by iron at a red heat, or igniud chartxiul, but 


carboirtted hydrogen docs not take fire under a per- 
/trt white heat. The earliest safety-lamp consisud of 
a lantern with horn or glass sides, in which a current 
of air to supply the flame was admitted below by 
numerous tub^ of small diameter, or by narrow in- 
terstices between concentric tubes of some length ; or, 
finally, by rows o( parallel partitions of metal, form- 
ing roetangnlar ca^s extremely narrow in propor- 
tion to their length. A similar system of escape 
apertures was applied nt the top of the lantern. 

With characteristic ingenuity, Davy did not 
here. He oontinuetl to rwluce at once the a]ierture8 
and length of his metallic guards, until it occurred f«cted. 
to him that wire <;mue might, with equal effect, and 
far more conTcnieucc, act upou the temperature of 
flame, so as to ruduce it below the pmnt of ignition, 
and thus eflbctually atop its communication. The ex- 
periment was sucocssful, an«l by the 9lh November 
1815, or within about teu weeks after his first experi- 
ments, an Account of the safety-lamp defended by wire 
gauze was presented to the Royal Society. About two 
months later he produced a lamp entirely enrelo|ied 
in metallic tissue. 

There are none of Davy’s researches which (773.) 
will stand a closer acnitiny than those which ter- 
minatcil thus successfully. No fortuitous obser- limiUr 
ration led him to conceire a Happy idea and totovtttigs- 
upply it to practice. A great b^n to humanity 
and the arts was required at his hands ; and without 
a moment’s delay, he {iroccedcd to seek for it under 
the gUMlnncc of a strictly experimental and induc- 
tive philosophy. Without, perhaps, a single false 
turn, and scarcely a superfluous experimeut, he pro- 
coedctl straight to his goal, guided by the prompt- 
ings of a hsfqiy genius aided by no common industry. 

The chemical, tho mechanical, and the purely physi- 
cal parts of tho |irobIcm were all in turn dealt with, 
and with equal sagacity. It may safely be alHrmed 
that he who was destitute of any one of these quali- 
fications must have (ailed in attaining the object so 
arduntly dcsirud, unless by the aid of some rare food 
fortune. Wc have it on Davy’s own authority, that 
none of his discoveries gave him so much pleasure 
a.<i this one. His whole character possc.ss^ in it 
much of a sympathizing and generous humanity; 
his ideas of tho dignity of scteuce were from the first 
(as his researches in Dr Beddoes’ laboratory showed) 
intimately connected with the aim of advancing the 
welfiirc, and of diminishing the misfortunes of man- 
kind: the rapidity and singular success of his inves- 
tigation in the case of the safety-lamp, kept his ardent 
soul all alive, and afforded him the triumph of a £»■ 
reJea at its completion. To these sources of inward 
gratification was added tbi' unstinted meed of praise 
liestowcd on him by his contcm|ioraries. Playfair, 


^ I h««e ipukcn in Art. 393 of tli« Md iogenlotu eflbrt* of G«N>rg« St«pbenM>a the iDveaiion of • eoftij- 

tftnip C0Dt<*inporaneou>]y with thoM of MVy. 

* Tbit feet h*d been uceruiood totne yean previeuely, hy Mr Tcfinsat u4 Dr M'oUattao, hot it reanined anpubUihed, M>d 
wu aot oppiied by thesD to the preveoikto of colliery ezplqetooe. 
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“ the true and amiable philosopher,” as Davy long 
before described him, thus proclaimed hia victory in 
the E*linb\trijh Review ; — After describing the course 
of a discovery “ which U in no doerce the ciToct of ac- 
cident,” he adds, ”this is exactly such a case as we 
should choose to place before Ihicon were he to re- 
visit the earth, in order to give him, in a small com- 
pass, an idea of the advancement which philosophy 
has made since the time when lie )] 0<1 imiutc^l out to 
her the route which she ought to pursue. The re- 
sult is as wonderful ns it is important. An invisible 
and impalpable barrier made elfectaal against a force 
the most violent and irresistible in its operations ; 
and a power tliat in its tremendous effects seemed 
to emulate the lightning and the earthquake, con> 
fined within a narrow space, and shut up in a net of 
the moat slender texture — are facts which must excite 
a degree of wonder and astonishment, from which 
neither ignorsmee nor wisdom can defend the be- 
holder.” 

(774.) For this truly patriotic labour, the only national 
UewarUs. testimony which Davy received was the inadeqoato 
one of a baronetcy, which was conferred on him by 
the Prince Regent in 1818; but his real triumph 
and great reward were in the enthusiastic apprecia- 
tion of his entire success by those on whom he had 
disinterestedly conferred so great a benefit. A tes- 
timonial, in the form of a service of plate, of great 
value, was presented to ))im by the coal-owners of 
the north of England. 

(775.) Davy's researches on flame were intimately 
roo- connected with his electrical and chemical discuve- 
remodelled Lavoisier’s theory of combus- 
theory of ti<m, and put an end to the distinction between com- 
conibus- bustibics and supporters of combustion. Chemical 
tloii. combination, effocled with great energy, and accom- 
panied by a high temperature, is essential to com- 
bustion, and cither element of the combination is 
equally entitle*] to the denomination of combustible. 
Guided by the electro-chemical theory, Davy appear? 
to have thought that the heat of Hame has an elec- 
trical origin. 

(776.) I must hasten to close this section. Among 

i>avy's the labours of his latter years, there was none which 
f™*M***" interested Davy more, or which reasonably promised 
more useful results, than his plan for protecting the 
copper sheathing of ships from the corrosive action 
of sea water, by affi.ting plates of zinc or iron, which 
•houldrender the copper slightly electro-negative, and 
thus indispose it for combining with acid principles. 
It is a somewhat singular fact thatFabbroni,aliout 30 
years before, had instanced the corrosion of cupper 
sheathing near the contact of heterogeneous metals, 
as an instance of the chemical origin of galvani.sm.^ 
Davy’s experiments were conducted with his usual 
skill and success, and the remedy only faileil of 
general adoption on account, it may bo said, of 


being too cflectual, other and opposite injurious 
effects having been found to arise. 

Davy was elected Presiilent of the Royal Soaety (777.) 
in 1820, in the room of Sir Joseph Banks, who 5 

held the office for 42 years. It was a distinguislied „f th« 
compliment, for the election was all but unanimous. Uoyal 8<v 
Ho continued to communicate papers for several 
years subsequently ; but his energy, his temper, uml, ** ' 
finally, his health began to give way — showing that 
the ardent labours of his youth and prime hod in- 
jured his constitution. Attackc*! with paralysis in 
1827, he spent his last years chiefly abroarl, and 
die<l at Geneva (where he was burie«l), on the 29th 
May 1829. 

Tl»o character of Davy was a rare and mlttiir- (778.) 
able combination. The ar«lour of his researehes, and 
the d<!ep devotion of his whole being to scientific in- 
vestigation, have l)cen already proved. They ha<i the 
effect of eomjiletely annihilating every baser passion. 

He valued property only in so far as he could apply 
it usefully ; and hi.s disinterestwlness with respect to 
the fortunes which several of his practical discoveries 
miglit have lioouurahly eam<Nl, was one of the most 
striking parts of his character. His fancy was dis- 
cursive to a degree rarely met with in men of .science. 

He continne<l to write poetry nearly all his Hfe, and 
the tone of it was that of grave speculation, always 
reverting to the deetiny of man and the benefu.^co 
of the Creator. His lectures were comfMseil with 
care ; and their effect, even as piece* of oratory, was 
striking. Coleridge frocjuentc*! them ” to inrrease 
his stock of metaphors yet they were always to 
the point, and never degpneratol into rhetorical dis- 
play. For a man of such extmonliuary liveliness of 
fancy and impetuosity of action, his mistakes were 
astonishingly few. After his very first experience, 
his publications were matle with great care and judg- 
ment. His estimates of hts contemporarie.s appear 
generally to have been fair and lil>eral, though it 
would be incorrect to afiinn that he was universally 
|iopalar among them. The combination of isolated 
and intense occupation in his laborati»ry, witli ex- 
citement in the mixeil society of an admiring London 
public, was a tri.al which few, if any, could have 
escaped better than he did ; and so far as we can 
judge of a man from his expressed o|Mniun of his 
own successes, whether reconh>l in his works or in 
hut intimate correspondence, Davy must be accounted 
to have acquitted hinuMdf grac<?fully and well. Jlc 
always spoke of the Pile of Volta as the first source 
of his own success. Nothing tends so much to the 
advancement of knowliylge as the application of a new 
instrument,” he says ; and then adds, ** The native 
intellectual powers of men in difterent times arc not 
so much the causes of the different success of their 
labours, as the peculiar nature of the means and 
artificial resources in their possession a proposition 


1 Ther* «pp«ars, bow«Tt r, to b«v« besa MMaetbing erraoeous in tbe detnib of FsbbronTt obMrvstions, or at least in tb« sceouat 
of tfaen given in !fiicKolt^n'tJo»maL 
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which he applies to his own discoveries. But we 
ma^ truly say with one of hia bio^ophers, that to 
him the Voltaic apparatus was the j/ottfen 6ronM 
by which he subtlncd the s{uriu that had opiKiaird the 
advance of previous philosophers ; but wliat would 
its possession have availed him hml not his genius, 
like the ancieut sybil, pointed out its use an<l appli- 
cation 

(77ft) The last, and not least, extraordinary characteris- 
Nuinyow tjg df Davy to which I shall now advert, was the 
lartntioBi. p™rtiral turn of a mind which secmtnl formed 

in a speculative mould. Four at least of his chief 
researches were of this kind— his experiments on 
breatlhng the gases ; his lectures on agncultural 
chemistry; his invention of the safety-lamp; and 
his protectors for ships. Ko man, whose path so 
clearly lay in original discovery, ever left so many 
valoablo legacies to art and to his country. 

(7K0.) The name of Davy gave to England a distinguished 
u* pre-eminence in science during the first 25 years of 
^1****'' , theoenturv. Buttwoothers, leas noticed at the time, 

1 oang aou » ’ ’ 

WoltMton. were also among her worthiest sons. These were 
Young and Wollaston. They were all three nearly 
contcinporarics ; nil lived on goo<l terms with one an- 
other, and united in promoting natural knowledge in 
their several spheres. Young was Davy’s early, 
though less successful colleague at the Hoyal Institu- 
tion; and Wollaston was joint-secretary with him 
to the Koyal Society. All three wore originally 
educated for the medical profession, and they all 
abandoned it for the pursuit of science. Not the 
least singular coincidence was in the periods of 
their deaths, which all occurred within the space of 
six months. 

(781.) Our notice of Young, the first optical philosopher 
It d«*Wol Udongs to another chapter. Wollaston, 

l«toD— an original observer in nearly every branch 
ecuitribu- of exact science, considered himself as a chemist; 
tloos to am* jjjg observations on Electricity were amongst hU 

♦ctrlciiy, and best contributions to science. After the 
imjiulie given to dis^very by the invention of the 
Pile, and the proof of the decomposition water, 
Wollaston undertook to compare critically the effects 
of galvanic and frictional electricity — a task of some 
nicety, and of very great importance at a time 
when it could hardly be coDsidere<l os certain that 
these agents were not specifically different. By 
methods peculiarly his own. he produced decomposi- 
tion, accom{Kmied with separation of the elements at 
the respective poles by means of common electricity. 
He at the same time gave his powerful support to 
the purely chemical theory of the Pile. 

«7B2.) His most important inventions were rather in- 
•Bd Uj« stnimenta winch, in the hands of others, were to 
important discoveries, than discoveries in 
themselves. One was the invention of the Kellcct- 
ing Goniometer for measuring the angles of crys- 
tals, now so essential to mineralogy ; another, the 


art of rendering platinum malleable, which has con- 
ferred inexpressiiilo Itcncfits on chemistry, and on the 
arts connecte<i with it The principle of the reflec- 
tion of a ray of light for measuring angular spaces, 
though it existed already in the single instincc of the 
sextant, has l>ccn, since it was applied to the gonio- 
meter, adapted to a multitude of most ingenious and 
valuable contrivances. 

Wollaston was an excellent optician, and of some (783 ) 
of his observations I have alrcadv »]>okcD (476;, 

(638). 

The strong |»uints of his character were precision (784.) 
and rare acuteness in observation, patience and cau- 
tion in deduction, and habitual devotion of his time 
and energies to scientific pursuits. His foibles were with th»t 
an excess of caution, and a certain microscopic turn 
of mind which, though it sometimes rewarded him 
with valuable discoveries, consumed liis time in oc- 
cupations of mechanical ingenuity, and prevented 
him from grappling with almost any of the groat 
theories of his day. An exception, yet one which 
illustrates his character, may he found in the fact 
that he hod all but anticipated Dalton in his disco- 
very of the multiple combinations of salts, whilst, with 
his characteristic sense of justice, he disclaimed any 
participation in the merit (624), While Davy was de- 
iightiog crowde*! audiences with his clmjuencc, his 
discoveries, aud their wonderful results, Wollaston 
was pursuing his solitaiy experiments on a scale so 
small that scarcely three persons could witness them 
at once. While Davy was firing his potassium with 
ice, an<l making mimic volcanos heave by the oxida- 
tion of his new metals, Wollaston was extract- 
ing, by minute analysts, from the refractory and 
unoxidablo ores of plnliiiuni, suWtances previously 
undetected, which, neither by their quantity nor 
their characters, could ever interest any but a man 
of science. Wliilc Davy was charging his prodi- 
gious l»attcry of 2UOO pairs, — the largest which 
has ever been constructed (a homage to his ge- 
nius, provided by his numerous iidmirers),— -Wol- 
laston was proving, after his fashion, how similar 
effects could bo protluced by the vinry same agency 
on a small scale ; and with no greater apparatus than 
a shred of xitic, a few drops of acid, and an old UtimbU, 
he would gratify his friends by exhibiting the mimic 
glow of an almost microscopic wire of platinum. 

Davy seemed born to believe ; Wollaston to doubt. 

Davy was a |K>ct; Wollaston, a mathematician, or, 
at least, capable of becoming a great one. Davy 
announced bi.s discoveries in fiery haste, and pre- 
sented all their consequences and corollaries as afrcc 
gift to mankind ; Wollaston (estimating more truly 
0)0 rnritr of tho inventive faculty) hoarded every ob- 
servatiou, turned it over and over, polished it, ren- 
dered it exact beyond the reach of criticism, aud 
then deliberately laid it before the world. Ho had 
the colduoss and the accuracy of Cavendish, but ho 
wanted the spur of his genius, and tl)e wi«le grasp 
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of his apprchctiKion. Among other legitimate re- 
sults of discovery, Wollaston vras not unwilling to 
chum for his own tl)o material profits which such 
researches sometimes, thougli rarely, yield ; whilst 
Davy, as wo liave seen, spurncil every possible attri- 
bution of an interested motive. Davy never made 
a shilling in his life, save as an author or a lecturer 
(except as paid assistant to Dr Redducs); Wollaston 
realizc<l a fortnne by his art of working platinum. 
Davy was admired by thousands both at home and 
abroad; Wollaston was little known except to a small 


circle who could appreciate the resources of a mind 
rarely opene«l in confidence to any one, and of which 
the world was only partially informed. 

Wollaston was bom in 1766, and died in Deecml)er CTBfi.) 
1828. The composuro of his end rivallwl that of^**‘**“^*' 
Black and Gavemlisli. His disorder wa.s one of the 
brain. Wien he had lost the power of speech, his 
attendants remarked aloud that he appeared uncon- 
scious. Making a sign for a pencil and paper, ho 
wrote down a column of figures, added them up cor- 
rectly, and cx])ircd. 


§ 4. Oersted. — Ampere,-— D iscovery of Ekctro’Majnetism — EUctro^D^namic Theorif — 
Diaeovery of Thermo-EUctricity ; Seebeck.. The Galvanomttter of Schweigger and Nobili. 


(786.) 

OoniUd 

ftmou* by 
• single 
ditoorery. 


CI87.) 


(7M.) 

Hi* Mrly 

ttadiML. 


(7«9) 

IIU 6r*t 
writing* <Hi 
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Hxn8 Christian Oersted was bom in Langeland, 
one of the Danish isles, on the I4tli August 1777. 
Of him it might almost be said that **on awaking 
one rooming he found himself famous.*’ The single 
discovery of the mutual action of magnets and elec- 
tric conductors gave him a celebrity which a life-long 
devotion to science has oRcncr than the contrary 
iaileil to secure. 

Yet in this, and perhaps every similar case, it will 
be found that brilliant, and, as the world, or jealous 
rivals esteem it, fortunate success, was not the result 
of on isolated effort, but was connected with a long 
career of patient though comparatively obscure lu- 
bonr. 

At the t^e of 20, Oersted, whilst yet a student at 
the University of Co{ieDbagen, became an author. 
His first publication was a prize essay on an »sthe- 
lical subject. Being intended for the medical {pro- 
fession, ho soon after wrote some chemical papers, 
and, in 1801, bU first “On Galvanic Electricity.” 
But bis turn of mind at this time, as well as later, 
was of a strongly metaphysical cast, and of course 
tinctured with tho peculiarities of the German 
school as reganls the study of physics, of which 
tho title of his thesis on gnulnation may be given 
as an instance It was On ike Archiieftimicks of 
Nat^tral Metaphysics. His studies in voltaic elec- 
tricity wore made chiefly under Ritter, an obscure 
and mystical writer, though the author of some cu- 
rions experiments on what were called Secondary 
Piles ; and he at length obtained, in 1806, a pro- 
fessorship in his own university; but his associates 
appear to hare been rather literary than scientific 
persons, such as Steffens, Oehlcnschlager, Niebuhr, 
and Fichte ; he also engaged in controversies of a 
theological tendency, which, to (he end of his life, 
appear to have had a great attraction for him. 

In 1812 Oersted visited Berlin, and published 
there a work on Chemical and Electrical forces, tend- 
ing to prove their identity, which was translated into 
French by Maroel de Serres. The author aflcrwartU 
looked back to the period of tho publication of (his 
treatise as the dawn of his electro-magnetic discovery. 


So far as 1 know of its contents (for I have never 
seen a copy), it docs not contain anything beyond 
indefinite anticipations of the real identity of electri- 
city and magueii^m. In this, indeed, there was no- 
thing new. Compass-needles had been seen to be 
reversed by lightning ; electric shocks had lx*en 
passed through steel without any certain effect ; and 
Van Swinden had published a work in three volumes 
expressly on the subject, containing the results of a 
mass of ingenious failures. Nor, perhaps, can we 
give Oersted credit, u( that early period, for a more 
distinct apprehension of tho relation so anxiously 
sought for, than was possessed by several of his con- 
temporaries. His bcliefis said to have been grounded 
on the notion, that “if galvanism be only a hidden 
form of cdcctricity, then magnetism eon only bo elec- 
tricity in a still more hidden form** — a syllogism 
which, if it satisfied Oersted’s metaphysical friends, 
would hardly be accepted as demonstrativo in the 
laboratory ; and, after all, it suggests no one form of 
relation rather than another. 

Professor Forchhammer, the friend and pupil (790.) 
of Oersted, states that, in 1818 and 1819, 
well kno»n in Copenhagen that he was 
in a special study of tho connection of magnetism msgix>iifiD. 
and electricity. Yet we must ascribe it to a happy 
impulse — the result, no doubt, of much anxious 
thought — that, at a private lecture to a few advanreii 
students in the winter of 1819-20, he made the oh- 
serration, that a wire uniting the ends of a voluuc 
batter}* in a state of activity, aflectctl a magnet in 
its vicinity. It was in the fact of the circuit being 
closed, that the main diflference consisted between this 
and previous attempts, in which galvanic pairs or bat- 
teries not conneetcti by conductors were cxpertM to 
show magnetical relations, though, in such a case, 
the electricity was evidently stagnant. 

Some mystery hangs over Oerste<i’a apprehension ( 791 .) 
of his own ex|»eriment. It seems difliciilt to lielieve Detail* «*• 
that he clearly saw its significance. Unlike Davy,*P*®*"*S 
when he first saw the fiery drops of potassium flow 
under the action of his battery, and rceonlod his 
triumph in a few glowing words in his laboratory jour- 
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oal, Oerst4hl took no immediAte measures citker to 
complete or to publish his discovery. Some months 
appear to have elapsed nhilat waiting for the conve- 
nicDce of a larger hatterj- before he repeated the ex- 
periment with the aid of Professor Esmark and other 
friends. The battery then employed contained 20 
twelve-inch elements, charged with water and >) 9 th of 
mixed nitric and sulphuric acids. The coDdneting 
wire was hoausl rc*i hot, which must have rather dimi- 
nished the effijct than otherwise. The nature of the 
wire was found to be onimportant. If positive electri- 
citv passed from north to south through a conducting 
wire plao-'d horizontally in the magnetic meridian, 
then a compass nee<Uc suspcndeil ov*r it bad its north 
end deviated to the west ; if under it, to the cimt ; if 
the needle was placc«l on the eatt side of the conduc- 
tor, its north end was raised ; if on the v<y‘s( side, it 
was depressed. Oersted further found that nce<Ues 
% of non-magnetic snbstances, such as brass and gum- 

lac, were not atfcctrd, and that the electrical efheieocy 
dc|>ej:Hlcil on the quantity, not the intensity, of the 
current. These experiments seem to have b^n ma>le 
ID July 1820; and Oersted and His friends being now 
fully alivi! to the novelty and importance of the dis- 
covery, he circulated extensively copies ofaLntin tract, 
dated the 21st July, inwhich the eflecU of the **dcctrtc 
conflict,” as he terms the presumed combiiiation of the 
opposite electricities in the ** conjunctivu wire” upon 
a magnet, were descril)ed.^ In this tract we find the 
following expressions : — “ The electric conflict acts 
in a revolving manner.” “ It resembles a helix.” 
The electric conflict is not confined to the conduct- 
ing wire, but it has around it a sphere of activity of 
considerahlo extent.** 

(792.) The eflect of this pamphlet, consisting of a few 
HpMMiiijr pages only, was instantaneous and wonderful. The 
by Aid!** probably counted on the opportunity of devel- 

pir«, °ping his discovery at leisure, but it was seized on 
Arago, sad with such avidity, and pursued with such signal suc- 
cess, particularly in France, that he prol»Wy gave up 
the race of invention in despair. Auipere had already 
communicated experiments to the Institute on the 
18ih and 26th September. Arago and l>avy scjui- 
ratcly, and but little later, dUcoverGd the magnetiz- 
ing power which the voltaic conductor exerted on iron 
filings, and the latter tried in vain the magnetizing 
power of common or machine electricity, which, how- 
ever, was soon after shown by Arago, who enclosc<l 
steel wires in fuUet* of copper wire, through which 
the discliorgfs were passed. When soft iron w.as 
placed in such a helix, it was found to Viecome a tem- 
porary magnet of great power whilst tbe voltaic 
current continued. Thus magnets of enormously 
greater power than any previously known were con- 
structed ; one of the first large ones was made by Pro- 
fessor Henry of the United States. 

(793.) the progress of electro- raagnetUmos a science 


was far more indebted to Ampere, a professor at 
Paris, than to any other philosoplier. 1 shall, 
therefore, introduce here somu accoant of his dis- 
coveries before closing what I hare to say of Oer- 
sted. 

Axnas Maris Ampere was bom in 1776 at Lyon. (794.) 
He was an able mathematician, and wrote several Electro- 
memoirs on Chances, and on the Integration of Par- 
tUl Ditfcrentinl Equations. Hut with this he corn-Ampbr*. 
hined a taste for, and a practical acquaintance with, 

Uic experinwntal .scienws. He was a very good che- 
mist, and showed himself particularly attentive to 
1>AVJ on bis first visit to Paris. lie was also much 
attached to metaphysical speculation. His skill in 
devising app.iratus and in performing experiments was 
eminently simwn in his electro-magnetic researches ; 
whilst he judiciously reu«lered his matlicmatical 
knowledge suhservieut to them. In this respect be 
Imd greatly the odvmitage of Oersted, who appears to 
have 1 ) 0 cn little acquainted with mathematics, and, 
perhaps, in common with hit metaphysical friends of 
the (iennau school, misapprc-haided their utility in 
physical discoveries. Throu difleront hypotheses V«rioiu 
were speedily brouche«l to reprewmi mechanically 
the singular kind of force mutually exerted between 
a conductor and a magnet. The first and moat ob-of tb« el«c- 
vious was, that this action was not a pMsA-amf-pulf tro-ni«g> 
force, but a force producing rotation without direct****^® 
attraction and repulsion, or of the nature of a couple 
exerted l)ctween any part of nn electric current, and 
a small magnet or magnetic clomcnL The second 
opinion was, that an electric current may be esteemed 
equivaleut to a magnetizing force at right angles to 
it The tliird, that a magnet is composed oi ele- 
ments which act as if a closed electric circuit ex- 
isted independently within each of them ; that is, 
each Inl:^^u<>tic molecule may be replaced by a small 
conducting wire bent upon itself, in which some un- 
failing source of electricity, like a galvanic pair, keeps 
up, in the same direction, a constant current. 

This last hypothesis, ai'bitrary and improbable as. (79S.) 
it may sound, was that defended by Ampere. Whilst 7T»«»7 or 
few will be disposed to regani it as a true and com- 
pletc physical picture of the coudition of magnetized A^sr*. ^ 
bodies, it seems impossible not to award to it the same 
sort of credit which wc do to Newton’s “ fits of cosy 
reflection and traastuission” of light, when we find 
that it uot only serves to represent the more obvious 
phcnocuctia, hut has suggest^ cxperimontA afaeolutely 
new, and which turned out in accordance with the 
antici(»tiou ; ami that, finally, by tbe sagacity and 
industry of its author it was made to incln^, by 
merely mathematical deiiuctions, and without any 
complication of the hypothesis, certain experiments 
of a very singular kind, which at first seemed inex- 
plicable by it. I proceed to develope a little farther 
this coDsidernUon. 


* cxscl UUs ww, £j|Mn«i«n(a circa A’tccCna ia Achai 
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(TW.) The theory of Ampere rejects sU but pii«lj-an4- 
Mutu&l ^ pull forces, such as are commonly recofi^nired in rao- 
^•cuic chanical physics. These forces are mutual, and bo- 
eondocuin. lent; to electric curreuts. A {HTumnent luapict is 
a congenos of minute parallel ami circular cummts, 
all acting ia the same direction, which is at right 
angles to tho magnetic axis or line of force. Grant- 
• ing this for a moment, Oerstixl’s experiment shows 
that tlie current io tho conductor acts cu the currents 
in the magnet ; and as a tnagm-t places itself trans- 
Tersely to a conductor, tho currents in the magnet 
tend to pl.^ce themselves f>araUel to that in the con- 
ductor. Do we then find such properties in move- 
able electric conductors alone 1 Have they any 
mutual action ? Doira that mutual action tend to 
produce parallelism ? And if so, may it bo farther 
analysed into direct attractions or repulsions of the 
aeveral parts of the electric currents upon one 
another ? AH these questions were answered by 
Ampere afterduo appeal to experiment. 

Two copper wires connected with voltaic circuits, 
and suspended with the requisite degree of frec<lom, 
approach when the currents have a rimiiar direction, 
but arc repelled when the direction is opposite in 
the two. When two moveable conductors ore placed 
at right angles, or indeed at any angle, they tend to 
parallelism. All the usual phenomena of a magnet 
may be imitatod by a long helix of copper wire 
through which electricity is maile by some artifice 
continually to circulate. The position of the poles 
is the same as in a real magnet, aud the n/imc of 
pole is determined by the direction (right or left 
handed) in which the helix is wound. Such an in- 
strument, not containing one particle of iron, it at- 
tracted and repell«l by a stod magnet,— ol>eys the 
directive influence of the earth,— gives transverse 
motion to an electric conductor near it, — in short, 
does whatever magnetized iron docs. 

Thus, in tho mutual action of electric currents 
the phenomena of static electricity ore wholly 
the invem Unlike) we recognize the great discovery of Ampere, 
square of A new fldcncc was formed, which he calk*d riwtro- 
<iyn'vnU*, which he proceeded to developc with great 
skill and success. M31. Biot and Savary found that 
the electro-magnctic force exerted by un indefinite 
straight cooductor and needle, varies inversely as tho 
simple distance from the conductor; but looking 
to the elementary actions of each {>ortion of the cur- 
rent, it will be found that this corresponds to the 
usual physical law of the inverse $qwxrc of the dts- 
tanoe between the magnetic and the electric ele- 
ment. 

(798.) Whilst Amp^ was pursuing his inquiries into 
properties of electric currents, others were vary- 
U kiT«— 8 great variety of ways, Oersted's fundamental 

Electro- experiment. A grunt miml>cr of beautiful mechani- 
msgu^Uc cal arrangements were invented, particnlarly by the 
elder De la Rivo and by Mr Faraday. The latter, 
however, had the sole merit of dlcctiug a most singu- 


lar kind of motion, that in which a magnet float- 
ing in mercury is made to revolve <rontmwows/y 
around a central conducting wire, and in like man- 
ner a conductor may bo made to revolve round 
a fixed magnet ; nay, stranger still, a magnet 
acting at once as conductor and magnet, revolves 
with great velocity on its own axis when an elec- 
tric stream is made to traverse one half of its 
kmgth. These astonishing experiments, whidi, in 
an earlier age, might have founded a new sect of 
a-stronomers and replaced the theory of Vortices, 
oth*re«l also considerable difficulties in the applica- 
tion of Ampere's theory. They were, however, ulti- Accouote<i 
matoly removed by Ampere himself, who aniJyscd^^^^^ 
with great skill the mechanical conditions of each 
case, and interpreting them into the language of his 
theory, showoil how continuous rotations might be 
produced, acooniing to the laws which he had esta- 
blished, by electric currents alone suitably arranged ; 
and he offected by most ingenious experimental combi- 
nations purely elcctro-drnamic rotations. Some other 
experiments, in which magnets seemed to produce a 
different effect from electro*dynamic cylinders, pre- 
sented a more serious obstacle, which, however, was 
removed by a rigorous demonstration of the ^ects 
which must ensue, if wc regard the elementary mole- 
cule of a magnet as very small, and consequently the 
entire magnet as a collection of Indefinitely small and 
correspondingly numerous electro-dynamic cylinders. 

By means of four critical experiments, Ampere de- 
termined completely the elementary laws of the 
mutual action of currents, including that previously 
established hy Biot and Savary in the case of a mag- 
net and B conductor. This investigation was one of 
great intricacy, and wa.s carried out with remarkable 
skill. Ampere had the field almost to himself, Savary 
making some contributions ; and, what is remarkable, 
little or nothing has Wn added either to the theory, 
or to the deductions from it, since his death. The 
progress of the science of cloctro-magnetisra has 
been so astonishingly rapid since the year 1820, that 
one set of phenomena after another has for tho 
time attract^ almost exclusive notice. The disco- 
very of diamagnetism will probably lead to a recon- 
sideration of Am])crc*s theory as applicable to all 
matter in a more general form. 

This rapid succession of interesting topics has pro- (7gg.) 
vented attention from being perha|»s sufficiently di-Cr«4i 
rected to the importance of Ampere's labours. 
is at least as well entitled as any other philosopher 
who has yet appeared, to bo called ** the Newton of 
Electricity." 

Ampere was of an amiable, though rather eccentric (800.) 
character. His absence of mind was proverbial, and®^* ^•*'**‘ 
his style is somewhat cumbrous and obscure. But 
ho was devoted to science, the promotion of which 
was ever hts first consideration, and he evidently 
himself posMused great clearness in hts conceptions. 

He died on the 17th May 1836. 
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( 801 .) \Yhilst Ampere, Arago, Davy, the two Do U 
^b««k. anil Mr Faraday* were thruwinj^ light on 

.►fXraX causea, and devclaping the eonscyiuciices of 
«l6ctiicUy. Oersted’s experiment, Sf.ebeck of Birlin discovered 
in 1B22 a new source of electric excitement* 
which has since become indir«‘etly of very great im- 
portance. This was Thermo-Electricity. He found 
that when heterogeneous metals arc united, either 
by soldoring or pressure* ami the junction heated, u 
current of electricity is cstublishid. The order of 
metals which produces the most encrgtdic combina- 
tions, is wholly unlike the arrangement of the vol- 
taic series* and has no apparent reference to any 
other known property of those substances. Bismuth 
and antimony stand at the opposite extremities of 
tlic scale* and a pair formed of them is consetjucntly 
the most powerful which can be made. When heat- 
ed at the junction, positive electricity passi-s from 
bismuth to antimony. In 18*23, Oersted, then on 
a visit to raris, imiteil with Fourier in making 
experiments on this subject* and was probably the 
first who constructed thermo-clectrical piles. Un- 
questionably, the most important application of these 
was to the construction of an instrument for measur- 
ing the dfects of radiant heat, by Nobili and Mclloni, 
of which an account has already boon given, Art. 
(709). 

( 8 Wt.) An application of dcclro-mognetisrn of extreme 
InvBniioD importance, was the Multiplier or Galvanometer* 
contrived by Schweigger of nallc. In it the idea 
<Hiiiier— was first rt^alixed of the power of an 

»i<bw«ig- electric current by its effect in deviating a roag- 
nctic needle. Schweigger perceived that ho could 
multiply the action of one and the same current* by 
causing it to traverse successive parallel coils of the 
conducting wire carried round the needle. Its sensihi- 
lity was stiU farther* and almost indefinitely increaseil 
byNobili's inveolion of rendering the necillc astatic, or 
diminishing its natural directive power in any required 
degree. This he did by connecting it firmly with a 
socund ticcdlo parallel to tlic first, of nearly djual 
strength, with its poles p 1 ace<l in an in\‘ertcd posi- 
tion relatively to the other* ami moving freely in a 
plane altogether exterior to the coil* so that whilst 
the directive effect of the earth’s polarity is almost 
neutralized, the electro- magnetic effect of the coil 
U’nds to prcMluco a similar deviation in both nmllcs. 
This is one of the most precious philosophical instru- 
ments ever invcnle«l. It has been employed for 
thirty years iu almost every electrical research or 
applieation. One of its bcs»t forms for many pur- 
poses (thoiigb hitherto little used) is the Torsion 
Galvanometer of Ritchie. 

( 803 .) Oersted, of course, interrstwl himself in thU new* 
hktory " of his own great discovery. Indeed, liav- 

eoatiuttfed. fortune to survive that discovery for 

more than thirty years, with a full enjoyment 
of his intellectual vigour, he had tbo gratifica- 
tion of contemplating a body of science entirely 


new as its results, and a variety of nsefnl ap- 
plications scarcely less astonishing, which might, 
in one sense, be called his own creation. The dis- 
coveries of Ampere* Seebeck, and Mr Faraday, were 
all based upon his; and during thcMO tliirty years, this 
elegant and interesting branch of experimental phy- 
sics underwent an almost uninterrupted extension, 
such os harilly any other affords an example of. The 
Electric Telegraph is one of its most direct and practi- 
cal results; nor should wc omit that Oersted himself 
proposetl, as far back os 1 8 1 8* tbo application of elec- 
tricity to blasting rocks by the very same process in 
which it has of late years been so usefully applied* 
namely, tliat of heating a fine wire to incondescenco. 

Though Oersted was the author of nuinorous ( 904 .) 
pa{)crB connected with science down nearly to Hit expert- 
the close of his life, they do not contain any impor- oa 
taut discovery, and with reference to electro-mag- 
netisiu, he ap(>ears to have contented himself princi- wat«r. 
pally with re|)catiug and expounding the obscn'ations 
of his contemporaries. Buisomeof hisexperimeiitson 
other subjects deserve mention* es|>ccially those on the 
compressibility of water. This fact, which the Flo- 
rentine Academicians had vainly sought to establish 
in the 17th century, had been clearly demonstrated 
by Canton in the middle of (he 18th* but Oersted 
first devised a oouqKMidious and effective appamlua 
for producing and measuring it mure effectually. His 
result, that the compression amounts to 46 -millionths 
of the bulk, for a pressure equal to one atmosphere, 
agrees almost precisely w’iih Canton’s. In 1845, he 
considered that he had established that the heat de- 
velopoii by the same amount of compression ts *0203 
of a centigrade degree. He also made some experi- 
ments on the Law of the Compressibility of Air and 
upon other subjecto, 

Tlic tUgideratuin of a clear expression of the mani- (805.) 
fest alliance between Electricity and Magnetism had 
bwm so long and so universally felt, that the discovery of 
placed its author in the first rank of scientific men. loitl- 
There was not even, so far as I am aware, a siis- 
picion that he had lieen, however remotely or dimly, ^*‘****®* 
anticipated. The prize of the French Institute which 
had been awarded to Dav*y for his galvanic discoveries, 
was licstowed upon Oerstcil, and so far as 1 ara Inform- 
c<l, has notbecu since adjudicntecl. Hewas elected first 
Correspondent, and finally Associate of the Academy 
of {Sciences. He was personally known to many of 
the philosophers of Europe, having mailc rejicatod 
jounieys in France, Germany, and England. Hi.s iiu mico- 
agreeablc manners and genera! information rendered *'<'cch*rsc- 
hira jMjpular. Sir H. Davy, who visited him at Co- 
penhagen, describes him as ** a man of simple man- 
ners, of no pretensions, and not of extensive re- 
sources.” Kiebulir, however, who viewed his cha- 
racter in a different light, says, “ I scarcely know 
another natural philosopher with so much intellect, 
and freedom from jwcjudice and tsprit de corps.” His 
writings were indeed too discursive. Professor Forch- 
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hammer hu enumeraUNl above 200 of bis publica- 
tions or articles, on n vast variety of subjects; but 
of all these, only a singln tract of a few pages will 
perhaps be ultimately remembered. As I before 
remarked, lus mind, though capable of continued 
application, appears to have wanted the sort of con- 
centration which prolonged physical researches re- 
quire, and the school of philosophy in which he was 
considered by his own countrymen os a proficient, has 


never been fruitful in researches based on Induc- 
tion. 

In November 1850, the fidieth anniversary of his (806.) 
connection with the University of Copenhagen was^’*****^ 
celebrated by a jubilee. Though in his 74th year, 
his activity was unimpaired, and ho continued his 
lectures and other oraployraents until within u few 
days of his death, which occurred on the 9th of March 
1851, closing a life full of years and honour. 


§ 5. Dr Faraday.— Progress <?/ Theory of Eleciro-Chemical DecompoEiHon — VoUa-Eleciric 
Induction — MayneiO’Klectriciiy — Diamayneiiem — Optical Changes induced by Magnetism.^ 
Professor Pldcker — Magneoptic Aclioru 
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Immeasurably the larger part of what we know 
with regard to the nature and laws of electricity and 
of its connection with Magnetism, so fur as it has been 
developed since the discovery of Oersted, is due to 
the genius and perseverance of one man— Michael 
Fakaday. 

This eminent philosopher was bom, 1 believe, in 
1791. He was originally “ a bookseller’s apprentice, 
— very fond of experiment and very averse to trmlc." 
Id 1812 he sent to Sir II. Davy, then at the height 
of his reputation, a copy of a set of note.s taken at his 
lectures, desiring his a.ss!.stance ** to escape from tnule, 
and enter into the service of science.” To the credit of 
the popular an<l distinguished chemist, he gave Mr 
Far^ay n courteous answer, and appointed him as 
chemical assistant in the Laboratory of the Royal In- 
stitution in March 1813. Leaving England to travel 
in the autumn of the same year, Davy engaged Mr 
Faraday to accompany him as secretary and scien- 
tific a.ssistant; they returned in April 1816, and 
from that time to the present Mr Faraday has 
been constantly engaged in the scientific busines.s 
of the Royal Institution, which is as completely 
associated with his numerous and splendid dis- 
coveries as Cambridge is with those of Newton, 
and Slongh with those of the elder Hcrschcl. By 
a rare, perhaps unexampled good f<»rtuhc, that esta- 
blishment, founded principally for the promotion 
of original research and the promulgation of dis- 
coveries, has been indebted dtiring the first f/ty 
years of its existence to the talents of two men only, 
fur a succession of new scientific truths which might 
have done credit to a whole academy; indeed, if 
to the names of Davy and Mr Fara<lay we add 
that of Young, who here first promulgated the doc- 
trines of the Interference of Light, there is scarcely 
an academy in Europe which has within the same 
period added so extensively to our choicest stock of 
original science. 


(609.) Partly in consequence of his ofiicial duty of bring- 
ing forward and explaining the most important cotem- 
mlens^ porary discoveries, partly also in consequence of his 
bis Hf o%vn matchless talent of elucidating, by original illus- 
ttarth't an (rations, if not bv new facts, whatever he undertakes 


to expound, the variety of subjects on which Dr Fara- 
day has made essential additions to our knowledge 
is 80 great that it is difficult to comprehend them 
under one section. In conformity, however, with our 
plan of suppressing minor facts, and insisting on the 
most important,'! shall confine myself to a summary 
statement of hi.s main discoveries connected with 
Electricity and Electro-Mognetism as contained in a 
continuous series of “ Researches,” published in the 
Philosophical Transactions between 1831 and the 
present time ; which, when collected (as they have 
been in a distinct form), now fill three closely 
printed octavo volumes. It would be difficult to 
name in the history of any progressive experimental 
subject so large an amount of research prosecuted 
for so long a time in so methodical a manner and 
with snch remarkable uniformity in plan, and with 
such unvarying success. 

I shall only farther premise that Dr Faraday’s (810.) 
earliest essays were naturally of a chemical charao- Electro- 
ter. In 1820 he assisted Davy, in prosecuting Oer- 
sted’s researches on the relations of Electricity and 
Magnetism, an<! the following year he himself suc- 
ceeded in producing, for the first time, the continuous 
rotation of a magnet round an electric conductor, and 
the converse rotation of the conductor round the 
magnet (798). These experiments were the germ 
of others which continual to interest philosophers os 
Well as the curious public for a long time after. But 
it was in 1831 (when the author ha«l attained his 40th 
year) that the genius of Dr Faraday was displayed 
in a commanding manner by the appearance of his 
First and Second series of the Researehes on Eleeiri- 
fity, which have not perhaps been surpassed by even 
the most brilliant of their successors. The subject was 
the Induction ofElectric Currents from other Currents 
and from Magnets. But we shall find it most con- 
venient to take an order difierent from that of the 
discovery, and to present the main results of Dr 
Faraday’s electrical labours under the following of 
heads : — his chief 

I. The law of definite Electro-chemical Decompo- 

sition, and the theory of the pile connected therewith. n«u ™ di»- 

II. The Induction of Electric Currents from other carcrlea. 

A 


Digitized by Google 



180 


MATHEMATICAL AND PHYSICAL SCIENCE. 


[Dim. VI. 


(811.) 
Electro 
cb«inlc4l 
deoompcMi* 
tlon, Aod 
Ui«oc7 gf 
tlM pil*. 


Drfinit* 
rh«mct«r 
of dvcoiB- 

pOllUOD 

eloctjieal 

M}uiTa> 

leata. 


(812.) 
lafereocM 
u to th« 
Idoctltj of 
cloctrl^ 
tod cbMni> 
eo) foreea. 


CurrenU imd from Magnets, or the discoTcry of 
Magneto- Electricity. 

III. The influence of the Magnet on all bodies, 
and the oonsoquent ditision of substances into two 
classes, Magnetics and Diamagnedcs. 

IV. Opdeal changes induct by Magnetism. 

I. With regard to electrochemical decomposition 
and the theory of the pile, the great extent and intri- 
cacy of the subject require us to restrict our analysis 
to a few of the leading conclusions. The most im- 
portant of these may be summed up in the following 
propositions 1st, The amount of a decomposable 
substance (or electrolyte^ analysed into its elements 
by a current of electricity depends eolely on the 
amount of electricity passing through it, and is in- 
dependent of the form of apparatus employed, the 
dimensions of the poles (or electrodes'), the strength 
of the solution, or any other circumstance. It is 
thenon inferred, with respect, for instance, to water, 
that the amount of it decomposed in a given time is 
an exact measure of the quantity of electricity set in 
motion in that time. 2d, ^^'llcn a substance is thus 
decomposed, it is a necessary, or at least a highly 
probable, consequence of Dalton’s laws, that tlie 
elements separated are in atomic proportions to one 
another. But Mr Faraday also found that when 
several decompositions are effected at the same time 
by interposing ditferent electrolytes in intervals of 
tbe same circuit, the whole of the series of elements 
separated bear the atomic relations to one another. 
Thus, to take a single case ; an electric current de- 
composes in the same time 0*497 grain of water 
and 3*2 grains of protochloridc of tin. Now, these 
arc exactly the proportions of the atomic weights of 
those bodies. From this and numerous other cases 
Mr Faraday infers, that universally the amount of 
electrical action required to dissolve a combination is 
in a constant proportion to the force of chemical affi- 
nity by which its elements are united. The corollary 
seems therefore highly probable that it is one and the 
same force which is exerted in either case. But the 
conclusion os to their identity becomes almost irre- 
sistihle when we add to those propositions the follow- 
ing: That the oxidation of one atom of zinc by 

the acid of the battery generates precisely so much 
electricity as would resolve one atom of water into 
iu elements. Thus, 8*45 grains of zinc dissolved 
oocasionc<i the analysis of 2*35 grains of water ; but 
these numlicrs arc in the ratio of 32*5 to 9 ; the 
equivalents or atomic weights of zinc and water. 

From these strictly experimental laws, Dr Fara- 
day considers that he is entitled to draw these im- 
portant inferences : First, that the source of voltaic 
electricity in the pile is chemical action solely; 
Secondly, that *'the forces termed chemical affinity 
and electricity arc one and the same.”^ Itis needless to 
add that these conclusions, involving the very essence 


of the science of voltaic electricity, are supported by 
Mr Faraday by a great variety of collateral proofs ; 
and, on the whole, 1 cannot see that they admit of any 
reasonable doubt. The contact theory of Volta still, 
however, holds its ground in Germany, where the 
number of influential w*riter8 on electricity is con- 
siderable ; snd so pcrscvcringly is it maintained, that 
it is difficult to perceive how It is over to be dis- 
Io<lged. But on this wide and not very profitable 
controversy we cannot here enter. 

There are a great many other considerations (813.) 
connected with the action of the voltaic battery 
which are independent of these primary ones, 
winch are scarcely less important. Dr Faraday ud Coo- 
hiis entered into a most elaborate experiment^ Auction, 
argument to show that in»Iuctioti alwavs precedes 
both eon<iuettcm and decomposition, and that de- 
composable bodies or electrolytes must be all more 
or less perfect conductors. His views may be thus 
concisely summed up In his own words : — ** The first 
effect” of the electrifying influence, whether of fric- 
tional electricity or of voltaic electricity, upon bodies, 
is “ the production of a polarized state of their par- 
ticles which constitutes tndurtiem ; and this arises 
from its action upon the particles in immediate con- 
tact with” the o.tcitcil body, ” which again act upon 
those contiguous to them, and thus forces are trans- 
ferred to a distance. If the induction remain un- 
diminished, perfect insulation is the consequence ; 
if the contiguous particles” thus polarized ** have 
the power to communicate (heir forces, then con- 
duction occurs, conduction being a distinct act of 
discharge between neighbouring particles.” ” In the 
inductive condition assumed by water” when about 
to be decomposed, “ the discharge between particle 
and particle is not, as before, a mere interchange of 
their powers and forces, but an actual separation of 
them, the oxygen travelling in one direction and 
carrying with it its amount of force acquired during 
polarization, and the hydrogen doing tbe same thing 
in the other direction, until they each meet the next 
approaching particle, which is in the same electrical 
state with that they have left, and by association of 
their forces with It produce discharge. This action 
may be regarded as a carrying one performed by the 
constituent particles of the diclertric.”* Again, 

” the current is an indivisible thing ; an axis of 
power, in every part of which both electric forces are 
present in equal amount.”* 

These views respecting the molecular progress of (814.) 
conduction and decomposition, though perhaps never 
so categorically stated as by Dr Faraday, have been, 

I imagine, substantially held by a majority of those 
who have considered the subject since the time 
of Davy, who first gave them a partial expression. 

And when Davy and others speak of the electric 
forces in decomposition as if they emanated from the 


» lUnarck*/, Art. 918. • Ib., ArU. 1338, 1347. * ft., Art. 164X 
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poles of the battery and became enfeebled with dis- 
tance from them, they used a lan^age not quite 
rigorous indeed, yet expressing the actual pheno- 
mena with that general accuracy which we can alone 
0 xpect in the first stage.s of so new and difiicult uu 
inquiry. “ The sum of chemical decomposition is 
constant for any section of a decomposing conductor” 
is Dr Faraday’s expression.* So is the sum of illumi- 
nations arising from light radiating from a point, 
when taken across any section of its path, yet the 
influence is said to vary inrersely as the square of 
its distance from the origin. The part of Dr Fara- 
dar’s conclusions, howeror, most open to excep- 
tion, is what refers to electric action at a distance, 
which be conceives to depend $olcl^ upon induction 
acting on intervening particles, which induction may 
take place along curv<^ lines. It is indeed true that 
he has shown, by a hoautiful experiment, that the in- 
terposition of different substances between an excited 
electric and a body capable of being electrified by in- 
duction, occasions diflerent degrees of excitement in 
the latter, even when tbu interposed bodies are glass, 
sulphur, and other ** non-conductors and this he 
justly refers to a peculiar power or property of bodies 
called “specific inductive capacity.” But this is 
rather different from the general proposition above 
referred to* 

In conclusion of this part of the subject, I must 
add that Mr Faraday has, with great pains and suc- 
cess, demonstrated tlie fundamentally identical nature 
of electricity from whatever source derived, and how- 
CTCr differing in its usual manifestaUons ; — such as 
electricity of the pile, of the common machine, or that 
loduood by magnetic, thermal, and animal electricity. 
These have all common properties, producing theshock , 
the spark, and magnetic, chemical, and heating effects ; 
and, except two, also producing sensible attraction 
and repulsion. But the disproportion of the effects 
of electricity, varying so much in intensity when re- 
ferred to unit of quantity, is astonishing and para- 
doxical. The electricity which so silently and speedily 
decomposes a single grain of water would, when its 
intensity is sufficiently exalted, produce, according to 
Mr Faraday, “ a very powerful flash of lightning,” 
or8U0,000 times the contents of a well charged Ley- 
den battery. Again, zinc and platinum wires half an 
inch long and one-eightccnth inch diameter, dipped 
into slightly acidulated water, produce in three se- 
conds as much electricity as a man can easily bear 
in the form of a shock. 

II. Znduefion 0 / electric eurrentg from other cur- 
rents and from mo< 7 n«t«.— This splendid research, 
which dates from 1831, constitutes the discovery of 
magneto-eUrtrxeUtf. 

The discovery by Ampere of the, attraction and 
repulsion of condnetors conveying electric currents 
rapidly followed (as wo have seen in Art. 796) Oer- 


sted’s discovery of the power of electricity to affect 
the magnet, and the corollary from it of the mag- 
netizing agency of electricity. This being achieved, 
very striking analogies led to the expectations — 1. 

That a wire convering a current ought to excite by 
induction a current in another wire near it ; and, 2. 

That a magnet ought, under some circumstances at 
least, to be capable of exciting electric action. But 
attempts in these directions had repeatedly and sig- 
nally failed, and for a reason which Mr Faraday first 
rendered apparent. 

Having made a compound helix of two copper 
wires wound parallel to one another, but not touch- 
ing, and rolled one within the other upon a cylm- tion. 
dor, he found that when he transmitted a continu- 
ous voltaic^ current through one wire, a momen- 
tary current (tested by a galvanomotcr) took place 
in the independent helix opposed in direction to that 
of the primary cniTcnt; but it ceased to exist in- 
stantaneously, although the primary current conti- 
nued to act ; and it was only on the cessation of 
that current that a new momentary induced current 
appeared, but in the contrary direction to the pre\i- 
oua one. The same effect occurred when a wire 
conducting a current was mechanically brought into 
tlie presence of another wire ; the approximation of 
the two induced an oppositely directed current, their 
separation a similar one. Whilst the wires were 
immovable no induced current took place. This 
he termed Volta- Eleeirxc Induction. 

Mr Faraday ne.\t took a ring of soft iron, disposing (61B.) 
two cupper-wirc coils round opposite portions of the 
ring. In passing a current through one coil, and 
thus magnetizing the ring, a current was induced in 
the other copper coil, hut, as in the former case, only 
for an instant. When the primary current stoppe<l, 
and the magnet was unmoefe, an opposite current 
shot through the secondary coil. 

The transition to the next experiment was natu- (619.) 
r,il, but highly important. The primary coil was 
Buppressed; and the piece of soft iron embraced by 
the secondary coil was now magnetized by the in- 
ductive action of a powerful bar magnet, with 
which contact was alternately made and broken. 

At the instant of making contact a momentary 
current of electricity was produced in the remain- 
ing coil, and on breaking it a reversed current, 
also of instantaneous duration. No current ex- 
isted whilst the magnet continued to be applied. 

The direction of the current at makiny contact 
was oppoixte to that which would liavo produced 
the magnetism present in the iron core ; on break- 
ing contact the current was timilar to that which 
would have magnetized the iron. The electricity 
momentarily induced in the coil was tested by ita 
action on the galvanometer, by its power to mag- 
netize steel, to convulse a frog, and finally by 


^ S4Mor<S*i, Art. 504. 
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production of a spark. This, then, was tho disco- 
very of Ma^ne( 0 ‘‘<Je€tncity. 

The mere motion of a permanent mn^ct was now 
su>)Btituted for the induction of niagnctisiii in soft 
iron. By pushing one end of a hor-tnagnet into the 
coil, electricity was developed so long as the motion 
continued; on withdrawing it an opposite current 
took place. Even the feeble magnetism of tho 
cartli induced a sensible electric current in a wire 
moved transversely to the direction of the dipping- 
nc<*dlc. 

By making a copper plate revolve in the neigh- 
bonrhood of a powerful nir^fnet, u amtinuuus cur- 
rent of electricity may l« detected passing from the 
centre to the circumference of the plate, and may be 
collected by proper means. Here, ihei), U a ma^- 
neto-fUctric machine. This current perpetually pre- 
sent in a conducting plate revolving lieucath a mag- 
net, cannot fail (by the common laws of electro- 
magnetism) to react on that magnet. Dr Faraday 
showed in the most satisfactory manner that its 
action is exactly what is required to explain M. 
Arago's experiment of ** transient magnetism by 
rotation” — namely, to cause the magnet (if free) 
to follow the direction of motion of the plate 
(516). 

On the whole, this research of Dr Faraday may bo 
cited as one of the most original and admirably 
eonducted which the annals of sctcuco present, 
and as such may be usefully recommended to the 
student. 

III. The infiuenceof the magnet on nU badiee, and 
their eoneequent division into two classes ; 
and l}iamagnetics . — By many, perhaps most persons, 
this will be reganlcd as the greatest of Dr Faraday's 
discoveries. It dates from 1846. By using electro- 
magnets of very great power, and sus|)cuding bodies 
of a somewhat elongated form between the poles, he 
has provol that every substance, so/«d, liqvidf or 
gaseous which he has put to tho test, is cither di^wn 
into a line joining the poles of the magnet, ns soft 
iron would be, returning to that line if displaced, or 
else it settles in a position at right angles to this, or 
across tho line of poles, llic former he calls para- 
magnetic or simply magnetic botlies, and their posi- 
tion axial i the latter diamagnetic bodies, and their 
position equatoreal. Bodies may l>e arranged in a 
list commencing with those most paramagnetic, dimi- 
nishing to neutrality, then feebly diamagnetic, and 
6na)ly the strongest diamagnctics. Tho following 
U such a list of a few solid and liquid bodies thus 
cbissiBed 


Magnstici or Psrsnsgm-Ur* 


Zero 


firm. 

Nickrl. 
Cobalt. 
Manganese, 
rslladiun. 
Crown glut. 
risU&um. 
^Oiinium. 
,..Vscuam. 


Dismagnstics .... 


ArMinie. 

Etbrr. 

Alcobol. 

Gold. 

Water. 

ilercory. 

Flint g]«M. 

Tin. 

** Hrav; glass.” 
AotlmoQ^. 
Phos^ihonuu 
Biiiouth. 


The equatoreal pointing of diamagnetic bodies evi- (824.) 
dently presupposes that they arc longer in one 
mensioii than in tho others. A small bar of »ili-|„gn*[|^* 
cated borate of leod, or “ heavy glass,** about two <l«6oition 
inches long, and from a quarter to half an inch°^'|'*“*8‘ 
brood ond deep, 8us)>cndcd in a stirrup of paper by 
six or eight lengths of cocoon silk, was the appa- 
ratus first employed by Dr Faraday. ^Mien a 
sphere or a cube is used, of course it cannot poinu 
The diamagnetic action is shown in that case by the 
little body being repeUed indiffercntlg from either 
pole of the magnet^ in the same manner as soft iron 
is indifferently attracted by either. This repulsive 
tendency includes the phenomenon of equatoreal 
pointing, and its law is thus comprehensively ex- 
pressed i ** The diamagnetic tendency is to move tho 
body from stronger to weaker places of m^nctic 
foroc.” 

The behaviour of diamagnetics in the presence 
a magnet may be thus further illustrated. It iS]Ha«trm- 
what would occur if a bcMiy absolutely inert weretioa*. 
suspended in a fluid pressing upon it, that fluid 
being at the same time more or less magnetic, tbat 
is, more or less attracted by either pole of the mag- 
net, Tho result would evidently be, that the body 
would seem to be repelled, and would set cquato- 
really for the same reason that a piece of wood 
plunged in water rises to the surface os if rc|>cllQd 
by gravity. Thus Dr Faraday suspended feebly 
panuuagnetic bodies in ferruginous solutions more 
magnetic than themselves, when they acted os dia- 
magnetic bodies would do. 

It is impossible for the most part to guess before- (826.) 
hand to which class a substance will belong. China- 
ink, porcelain, silkworm gut, shell-lac, and charcoal, 
rank amongst paramagnetic substances ; whilst sul- 
phur, resin, wood, leather, and most animal sub- 
stances, are diamagnetic. I'lius, if a living man 
could be delicately enough suspended between the 
poles of a huge magnet, he would settle equato- 
rcally. 

Pliilosophers are not yet entirely agreed as to tho (827.) 
precise nature of tho Diamagnetic relatively to the ^J,’*^^)^***** 
Magnetic actions of bodies. Besides Dr Faraday, 

MM. Weber and Edmond Becquercl abroad, and Pro- di»m«gtict« 
fessors Tyndall and William Thomson in this coun- 
try, have examined the subject both practically and 
theoretically in great detail. The more probable 
opinion seems to be, that bismuth and its analogues 
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acquire a true polar conditioa under the action of 
magnets, but oppose<l to that which iron and para* 
magnetics do in iiko circumstances. 

Like almost every other great discoTcry, some 
feebto traces of this may be found amongst the to* 
luminooa records of almost forgotten experiments. 
Brugnians obscrvetl, in 1778, the repulsion of bis- 
muth by a magnet, which was rediscovered by Le- 
baillif in 1827 ; and something like the cqualoreal 
pointing of shell-loc and wood was noticed in the 
same year by Bcequcrel. and may also be traced in 
the writings of Coulomb. The present writer recol- 
lects ver)' distinctly to hare had pointed nut to him 
by M. Becquerel, at Paris, about 1035, the pointing 
of minute chips of wood placed near a common steel 
magnet. Butthe.se incidental facta having been suf- 
fered to remain in complete obscurity for so many 
years, without oven an attempt to connect and ex- 
plain them, can scarcely be said even to touch the 
originality of Dr Faraday’s discovery. 

The year after the announcement of diamagnet- 
ism, Fatlinr Bancalari of Genoa discoTcred the 
powerful diamagnetic quality of yfame. It is cosily 
shown by placing the flame of a wax taper between 
maKncium blunt conicol terminations of a powerful clectro- 
o ilnmo spreads oquatorcally, l)Ccoming 

/inh-tailed. Dr Faraday, zealously taking up the in- 
quiry, proved that this depends upon hot air being 
diamagnetic rrlativtiy to the surrounding cold air, 
but that aUnospheric air is always abiolntely para- 
magnetic. Analyzing the effect still farther, ho 
found that the oxygen of the air is a very powerful 
paramognctic, whilst nitrogen is relativ^y diamag- 
netic, but in all probability is a neutral substance, 
one at the real zero of this singular scale. By a most 
ingenious application of the torsion balance, he was 
enabled tp compare the relative actions of magnet- 
ism on the gases with admirable skill and precision. 

Transaetionif 1851.) 

(S30.) These experiments demonstrate a paramagnetic 
l>r K*f«- ^or iron -like) attraction in oxygen really aston- 
fniJrnMJim ^ small mass of oxygen appears to be 

9 i oxygen. attract<xl at the distance of an inch from the axial 
line of the electro-magnet by a force equal to 
its own weight! Since heat diminishes this qua- 
lity, the acute perception of Dr Faraday rapidly en- 
tertained the idea that tho apparent magnetism of 
the earth might partly at least reside in the atmo- 
sphere, and that the change.^ of terrestrial magnetic 
intensity and direction might be explained by tho 
action of the sun expanding the atmosphere. The 
26th series of his researches is devoted to an elabo- 
rate exposition of this theory, wliich, however inge- 
nious, is still involved in great difficulty. 
fWl.) Profttior PliUkcr — Attraction and Repulsion of 

nuck^oo ^P^*^^***®/ Crystals. — Soon afterDr Faraday’s dis- 
n>*^^^** covery of diamagnetism, Professor PlUcker, of Bonn, 
opOe fore*, announced the important fact, that tho optic axis of 
Iceland spar is repelled by the magnet. A sphere 
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of that substance su.spcnded by a thread, and having 
its axis horizontal, being pla^ between the poles, 
notwithstanding the perfect symmetry of external 
figure, the iLxis ranges itself in the cquatorcal position. 

In Bomo other crystals tho axis ta direct^ in tho 
lino of poles. Tho law of the phenomena is not yet 
completely made out ; bat so strong is the latter qua- 
lity in crystals of kyanite, that a piece of that sub- 
stance properly suspended will actually show a direc- 
tive power under the influence of the earth's mag- 
netism. 

Probably closely allied to this fact is a similar ( 972 .) 
directive tendency observed in well crystallized spe- 
cimens of bismuth, antimony, and arsenic. " 

M. Pliicker calls the maync-erygtaUic, as the for- 
mer may be termed the mayne^optic force ; and 
it is often so intense as to oppose and even reverse 
tho directiTo tendency which the body would have 
had between the poles in its massive or nncrystol- 
lized state. 

It will be easily conceived that tho interest crea- 
ted by these admirable discoveries, revealing not only 
new and general properties of matter, but also rela- 
tions between very different branches of science, soon 
became general, and raised the reputation of Dr 
Faraday to the very highest rank as an experimental 
philosopher. If we compare his two greatest works, 
that on magneto-electricity, and this on diamag- 
netism, we find in the former perhaps a more perfect 
specimen of inductive sequences ; in the latter, facts 
more independently novel and unlooked-for, and an 
unrivalled skill in tho application and invention of 
experimental methods. 

Passing over many less important matters, there < 834 .) 
yet remains one interesting discovery to bo men- Hr Firs- 
lionetl, which in point of time preened the last, 
namely— “Ln".. 

IV. 0/>tiVoi Changes induced by Maynetism , — Induced by 
In his 19th Series of .ffcsearcAcr, published in 1845, 

Dr Faraday announced “The Magnetization of 
Light and the Illumination of the Magnetic Lines of 
Force,*’ — a title which, though intended to express 
exactly the author’s idea of his discovery, perh.ips 
czeiUMl uuduc anticipations in the public mind. For 
here we have no direct, or even apparently direct, 
action of the magnetic force on a luminous ray, hnt 
only that a peculiar state is induced by magnetism 
in some transparent bodies wliicb produces an action 
on light which they did not possess before, and which, 
indi*^, differed in some respects from any similar 
action previously recognised. 

Dr Faraday’s leading experiment is the following : (83S.) 

— A piece of “heavy glass,” or siliceous borate 

Ico^l, was placed Icn^bwisc between the poles of aj^iariza- 

powerful electro-magnet. A ray of planc-polarizcd of » my of 

light was transmitted through tho glass parallel to 

the line of the magnetic poles ; when the magnetic 

energy was fully applied, the plane of polarization of 

the light was found to have twisted round, similarly 
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(apparently) to what ocenrs when polnrizotl light 
pa«K& through quartz or oil of turpentine. It is 
found that a great number of solids and liquids are 
subject to the magnetic influence in the same mao* 
ncr as in the case of*'* heavj glass/* though to a 
smaller amount. 

(830.) Now, In reasoning on this experiment, it is to bo 
observed that no rotation of the ray takes place un- 
ulru° there be a medium on which the magnetism im- 
butwitb's presses its energy.* Some molecular change, no 
differ*t»ee. doubt, ix^ults, such as that wliich pressure gives to 
glass, rendering it doubly refracting and depolariz- 
ing, or, to take a still closer analogy, when heat ap- 
plied to it conveys similar properties. Yet no one 
imagines that these experiments show a direct reac- 
tion of heat, still loss of mecbaoical compression, upon 
light. Yet, with all abatements, Dr Faraday's dis- 
covery is novel and singular; the more so, that this 
constisuned state dilTcrs Irom that naturally pos- 
sessed hy quartz and certain liquids. The state mag- 
netically induced in a body causes the rotation of the 
ray to be reversed when it moves in the contrary 
direction ; that is, i(s rotation is right-handed when 
the ray moves from the north to the south pole, but 
lcfV-hando<l when it moves from S. to N. But in 
IkhIics in the natural state the rotation takes place 
towards the same hand whatever be the path of the 
body. Mr Airy has shown that this peculiarity ad- 
mits of being mathematically expresse<l in a manner 
somewhat analogous to that imagined by Professor 
MacCullagh in the case of quartz (512); but it is 
not pretended that these formulae convey informa- 


tion as to the physical condiUons on which these 
singular phenomena depend. 

Amongst Dr Faraday’s contributions to science (837.) 
not conneclcil with electricity, the most remarkable f'av*- 
perhaps is the condensution of many gases into the ce^ 
liquid form by cold and pressure, of which he is the gMcs. 
undoubted discoverer. This fact is highly interest- 
ing both in a scientifle and practical point of view. In 
the latter it was early applied by Uic late ingenious 
Sir M. I. Brunei os a new moving power (375), and 
it may not improbably yet be resorted to for that 
purpose. The subsequent discovery of a mode of . . 

solidifying carbonic acid by 31. Thilorier is not only 
interesting in itself, but affords a method of produc- 
ing more intense cold for experimental purposes 
than any other previously known. 

Dr Faraday still continues bis laborious and fruit- (838.) 
ful inquiries. Whilst ho has attained almost every 
titular honour which the world of science has to *^*^I'“****®®* 
bestow (including that of associate of the French 
Academy of Scienoes), he has preserved a modesty 
of character and a simplicity of life which eiihanco 
the respect in which he is hold by all who arc ad- 
mitted to his nearer acquaintance. No one has more 
successfully escaped the contentions which literary 
rivalry so often produces ; and by his extraordinary 
skill in expounding the most difficult researches, 
whether mode by himself or by others, ho has main- 
tained (os I have already said) the early reputation 
of the l^yal Institution, and has Immensely enlarged 
the circle of those who ore able to admire and appre- 
ciate his successes. 


S 6. Ohm— DAN iBLi^Mr W»BATSToyB— M. Jacobi. — Law» o/EUctrical Conduction; — Conttani 
Battery; — Applicationa o/EUctrieity to Telegraphe — Clocks — Motive Engines — the Electrotype. 


(830.) Wo have traced in the last section the progress of 
of*the***^ electrical and of clectro-magnelic discovery since the 
uriance of days of Davy and Oersted, as well exemplifiod in 
»]#ciricity. the pre-eminent researches of Dr Faraday. In con- 
"eSu Dissertation (13), 

Tkton. (^^)> ^ have, on account of their immense interest 
and importance, analyzed them more fully than 
could possibly have been done were I to rcn<lcr 
similar justice to <dt who have distinguished them- 
selves in the same career. Thas, France has pro- 
duced in M. Becqucrvl one of her most inge- 
nious and indefatigable experimentalists, full of de- 
votion to science, and giving up conscientiousiy the 
whole of a long life to the cultivation of this parti- 
cular department. His discovery of the efficacy 
of long-continued and very feeble voltaic actions 


to produce crystallized earthy and metallic com- 
pounds not obtainable by chemical means is highly 
important. Switzerland is proud of her two De la 
Rives,* and Italy of not a few disciples of Volta. In 
Germany llio number of electricians is greater than 
in any other country; and as they have ts^cn the lead 
in obtaining correct measures of the electric forces, 
and in determining (in many cases) the numerical laws 
which regulate the efficiency of batteries and conduc- 
tors, and have applied these to many important 
practical purposes, I shall devote a section to some 
account of these, as well as to the beautiful experi- 
ments of our countryman Mr Wheatstone. 

Ohm's Law of Electrical Conduction. — Geoeo (840.) 
SiMoK Ohm was bom in Bavaria in 1787, and was 
successively professor at Cologne, Niirnberg, 


* I may h*r« r«cord that b«fi>r« th« yoar 1835, I soipectcd that there might he tome Immediata tetioD between dreidarly polar- 
ised light and a magnetlted body, and made experiments in ainsequebee in May 1836, which, however, led to no reeolt. 1 
rather thinlc, bowaver. that three eapenmente deeerTe carefol rcpeliUon onder more varied circumetaaeea. 

* MM. Ueeqaerel and A. De la Hive have both pnblUhed elshoraU works oo Hleciricity, to which the reader U ref err ed for 
details on this inexhaastlble subject. 
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Munich. Ho died on the 7th July 1854. Hia 
theory of electrical conduction waa not highly appre> 
dated in Germany until it had received, in 1841, an 
eminent mark of approval from the Iloyal Society of 
London, by the award of their Copley medal. Hia 
principal work on the Galvanic Circuit {.Die ^alttan- 
uche Kette vMthfmatuch bearbeitft i Berlin, 1827) 
hoa had a aomewbat peculiar fate. Accepted by only 
a few persons aa a great discovery, it met with com- 
paratively little attention, at Icaat until recently ; yet 
notwithstanding the long anticipation by Ohm of his 
results, it baa been hia misfortune to have their ori- 
ginality contested. 

( 841 .) It seems not difficult to account for the diversity 
lu Dvritj of estimation in which this work has been held. Tlio 
primary fault is the author's own. Ho deduces the 
strength of a voltaic current in any given circuit, and 
the eiectroseopic excitement of each part of the dr- 
cuit, by means of reasoning seemingly a priori^ from 
certain assumed axioms submitted to mathematical 
reasoning. The axioms are very simple ; the theory 
founded on them is intended to correspond to Fourier's 
theory of heat, of which, indeed, in point of form, it is 
a mere and literal copy ; but as every circumstance 
which introduces real complication is soon left on 
one side, the leading propositions are almost self- 
evident results of the axioms. In short, the pa- 
rade of mathematics is uncalled for, and the whole 
structure of the theory seems so slight and ques- 
tionable that one is surprised that it should ever 
have been regarded as more tlian a clever expres- 
sion of some approximately true experimental laws. 
It appears, indeed, that this is the simple fact 
that the axioms tuere obtained from the results 
which they seem to predict, and that Ohm was on 
experimentalist before be became an author. In 
this guise we understand how to treat the so-called 
“ Laws of Ohm.'* They are truly important empi- 
rical laws, calculated to guide the practical man in 
applying and measuring galvanic forces, to enable 
the theorist to form clearer notions of the different 
(often oemfusing) effects of these forces, and to reduce 
their varying energy to calculation ; but we must be 
allowed to doubt whether Ohm has thrown any new 
light on the real first axioms of electrical excitement 
or transmission. 

( 84 S.) The most important of these laws refer to the 
measure of the voltaic stream circulating 
o'rmilBc- conductor of a closed circuit. Such a closed 

tion. circuit may be imagined to consist of — (1.) an cxcator 
or battery; (2.) a conductor homogeneous or other- 
wise, but necessarily continuous, uniting the ends of 
the battery. The force is derived (we will 

assume) from the chemical or thermo-electric action 
present in the battery. The electric cqailibrium 
being disturbed, is restored more or less speedily 
through the medium of t)ie conductor which connects 
the poles. If the conductor be goo<l, the electricity 
passes rapidly through it, and does not accumulate in 


the battery ; if the reverse, it accumulates until it ac- 
quires power to overcome the resistance, and then it 
posses through in a stream less abundant, but of a 
higher intensity. If the construction of tlie battery 
docs not |>ormit that degree of intensity to be reach- 
ed, the electricity stagnates in the battery, the con- 
ductor cannot perform its office, no effect results. The lUottrs- 
wholo maybe compared to a S|>out of water discharged 
into a trough, from tho bottom of which extends a 
long narrow horizontal pipe. The water is the elec- 
tricity, tho trough is tho lottery, tho pipe is the con- 
ductor. If the pipe be t'try long and narrow, no 
water at all will pass through it until the water In 
the trough has attained a certain height, or has a 
head of pressure sufficient to overcome tho resistance 
in tho pipe. If tho trough be filled to the brim 
without the resistance being overcome, the trough is 
as good as plugged, no motion takes place, the stream 
regurgitates. The longer the pipe tho feebler the 
stream that passes; shorten the pipe indefinitely, 
and the efflux depends only on tho construction of 
tho trough. Indeed, the illustration might be pushed 
considerably farther. The depth of the cistern re- 
presents the electro-motive force of the voltaic com- 
bination ; its area the size of the plates. By in- 
creasing the latter, we do not give tho moans of 
ovorcoming more resistance; but when tho resist- 
ance is small, wc afford a larger supply without 
lowering tho level— i. e-, the intensity. 

Ohm regards the current as proportional to the elec- (643.) 
tro-molive force directly, and to the resistances in- ^*****- 
Tersely ; and the latter are divided into (a) the ro- 
sistanco of the battery itself to the passage of the cur- 
rent ; (6) tho rcsiatanco of the conductor. Now the 
latter varies ajt the length of the wire eompUtiny the 
circiiit. We may therefore double its amount by 
doubling the length of wire joining the poles ; and 
if we observe the strength of the curront passing 
before and after this has been done, we havo a mca- 
snro of a + 5 in the first experiment, and of a + 2 & 
in the second ; and b being assumed to be known, a, 
or the oomparativc resistance witliin the battery, 
becomes known also. 

Tho resistance of a standard copper wire a foot (844.) 
long may be taken as tho unit of resistance. Mr StauJarJ 
Wheatstone finds it convenient to assume a copper 
wire a foot of which weighs 100 grains. M. Jacobi 
prefers a m^treof copper wire ono millimetre in dia- 
meter. The resistance Is as the length, and inversely 
as tho sectional area. 

To measure tho current two methods have chiefly (jj 45 .) 
been used, and the results agree closely. One is Forrs of 
(lie tangent compass. A voltaic current is allowed 
to pass through a thick wire arranged in a vertical 
circle. At the centre of the circle is placed a very 
short magnetic needle. When a current passes tho 
needle is deflected ; and it is easy to show that the 
deflecting forces are as the tangent of the angle of 
deflection. A double or treble force in the circuit 
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produces a deflection of the noodlo whoso tangent la 
double or trcblo the iirat. 

The other method is by Dr Faraday's VoitamHer. 
The amount of water decomposed is directly as the 
quantity of the current. Tho unit in this case U 
one cubic centimetre of gas produced from water in a 
minute. 

These two measures agree. A(^r being once com- 
pared, wo may in all cases deduce the decomposing 
force of a current from its effect upon a tangent com- 
pass. 

MrWhentstone bos facilitatod the measurement 
of voltaic effects by the invention of the rheostat, a 
simple contrivance for lntro<lacmg any desired lengtli 
of wire into a circuit, and thus estimating resistances 
both of conductors and of batteries, and also the 
eloctro-motivc forces of different batteries. The re- 
sults appear to be c.'(trcmely satisfactory. (PMl. 
Trant.f 1843.) The conducting power of different 
metals drawn into wire will be inversely as the 
lengths required to be introduced into the circuit to 
reduce the strength of the current in a given pro- 
portion. Tite principle of tho rheostat was indc- 
pemlcntly applied to similar inquiries by M. Jacobi 
of St Petersburg, in 1840. 

The laws of Ohm farther proceed to expound the 
ofTect of the size and number of tho elementary oeDs 
combined in a voltaic battery. Tho size of the plates 
increases the quantity of electricity which escapes 
throngh a $hort conductor, but has little effect upon 
n long current. On the other band, the multiplica- 
tion of elements produces no increase in the volUiic 
stream when the connecting wire is short and when 
it is also a good conductor, fur tho chief resistance 
in the circuit is in that rase the Imttcry itself, which 
resistance increases with the number of elements, just 
as tho force which overcomes it increases. If, on 
the other hand, the chief resistance bo e.xtraneous to 
the battery, the aildition of more elements increases 
the power without much increasing the resistance. 
All this scarcely requires mathematical proof. It is 
very evident, and very just, and it Is borne out by 
experiment. 

Ohm’s theory forthcr gives the partial cflects of a 
cnirent branching into various unequally good con- 
doctors, and into other details, particnlarly as to the 
electric tension in different parts of a circuit It is, 
however, to bo oWrved, that the whole is based on 
the assumption that thedi$gif>ation of <!fectrtci(;//rom 
thf axtrftxet of the conductor is insensibU. 

It is only justice here to add, that the theory of 
Ohm owes much, if not moat, of its value to the ex- 
periments of Fcchncr in Germany; and that its re- 


ception in France and EIngland is mainly due to the 
ingenious and (in many cases) independent experi- 
ments of M. Pouillet and Mr Wlieatstonc. 

D.\xiell’s Cotistant BatUrv. — ^This seems tho pro- 
per place to mention an invention which has cxer-^^^ 
dsed a remarkable influence on the progress of prac- Dlell— th* 
tical electricity — I mean tho Constant Battery. I cutuunt 
believe that the merit of this application is entirely **^*«^* 
due to the late Professor Daniell,' although the Ger- 
man writers (who manifest throughout a singular 
sensibility with regard to tlieir national claims to 
electrical improvements) seem to claim it for their 
countrymen. Every battery previously constructed 
diminished rapidlyin energy from the instant of being 
charged. This was chiefly due to two causes ; first, to 
the acid becoming gradually charged with oxide of 
zinc; and, socomlly, to the appearance of “ nascent" 
hydrogen arising from the decomposition of water at 
the copper surface where it prevented effectual con- 
duction of tho electricity. These sources of di- 
minished effect were prevented In the following 
way: — Instead of a single cell containing one fluid 
moistening both the copper and tho zinc, a double 
cell was formed by means of a partition of bladder 
or porous earthenware. The partition next the zinc 
was filled with dilute sulphuric acid; the partition 
next the copper with a solution of sulphate of cop- 
{>cr, also acidulated. When galvanic action proceeds, 
l)oth fluids are decomposed ; but whilst that in tho 
zinc cell becomes charged with oxide of zinc, it is 
at tho same time continually acidulated by tho 
elcctro-cbemiral transfer of acid from the dccom- 
pcksition of sulphate of copper in tho copper cell; 
and the copper set frac from the some combination 
in tho form of o.xide is metallically reduced by com- 
bining with tho nascent” hydrogen (the oxygen 
derived from tho water decomposed having combined 
with the zinc), and the metallic copper is deposited in 
an ever fresh film on the surface of tho copper plate. 

This beautiful invention was described in 1836. 

Many other batteries on the same principle have 
been since contrived and described ; several aro more 
powerful, but none perhaps aro so constant in their 
action. 

AppUeettion of Electricity to the Arts — MM. (853.) 
Wheatstoxb and Jacobi.— I havo selected Messrs Applic*- 
Charles Wheatstone and M. U. Jacobi as tho *^P*^ei«tTtdtv 
sentatives of a numerous class of ingenious men who 
have shown great felicity of Invention in applying in- 
geniou.s mechanism to render electric agency available 
in the arts. We here again find the reciprocal influ- 
ence of art upon science, to which I havo elsewhere 


' .lobn Frederic Duaiell, Profesior of rh«miitry In King*# College, London. w*s boro In 1700, II* wm tba aatbor of « work 
on CkemSeiU I^Ur>tcpkff, of Stterft, nud of DUioertMU paper* In the PhitoropKi«U 7Vam<ut*«m$, many of which w*r« 

CDQDccud with Voltaic Action. Ilia work on Mcleorolt^ oootributed naterialljr to the progress of that adenco, as did the in- 
veatioo of hl« IIygro<nci«r (notwithstanding certain defccu in that iosirumcot) to tb* theory and practice of llygrometry. For 
hU CVmstant Battery Mr Danicll received the ('opley medal of the Koyal liocisty. Mil death took place frotu aj*i>pI<.Ay while 
aiieuding a eouccil meeting of the Royal Society on the 13tb March 1845. 
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sdrertcd (32, Ac.) The requirements of pnctico 
an magnificent erpenments, aoch as oo indivi. 
dual and no scientific Society would think of exe- 
cuting for the UluitratioD of theory. It is not in 
the least my purpose to transfer to these two gendo- 
men an exelnsire merit which they need not bo un- 
willing to share with other energetic and able com- 
petitors in the bard-run race of scientific applications. 
They occupy, howeyer, perhaps the most marked and 
distinguish^ place, and the field is so wide and in- 
cludes so many minute details, that it requires all 
our resolution to fix our eyes steadily on the most 
considerable aoquiaitions^he nobler sheayes of so 
prolific a barvest 

(S& 4 .) 1 shall connect, then, with the name of 3lr 

Wheatstone, (1), the appsratus for determining the 
yolocity of dcctrical conduction, (2), the electric tele- 
graph and dock,~with that of M. Jacobi, (3), elcc- 
trodynamic machines, and (4), the electrotype. 

(BSS.) I. The apparatus used by Mr ^Vlieatstone In 1834 
Mr WbMt' for measuring the velocity of the passage of the oloc- 
tried impulse through a good insulated condnetor 
dtyor«lie* such as a copper wire, deserres particular notice 
trie ooA- from its great ingenuity, and from its general appli- 
dnetioa. nation to the measurement of short intcnrals of time. 

Let a copper oondocting wire of half a mile long be 
so conyolutcd that the middle and the two ends of 
the wire may be brought near together, the whole 
being perfectly insulated. Lot the wire bo slightly in- 
terrupted at these three places, and the whole put 
into connection at pleasure with an electric maduno 
or battery. >Vhen contact Is made, three sparks will 
take place. Let the two end sparks be called A and C 
and the middle one B. As the three sparks take place 
close to each other, they can easily bo seen at once 
reflected in a small plane mirror. Let now this small 
mirror be pat in yery rapid rotation round a hori- 
zontal axis so placed that the sparks (if they occur in 
the suitable of the reyolutiuo) may bo reflected 
together to the eye. Ims^o the rotation to become 
immensely rapid >in Mr Wheatstone’s apparatus 
the yelocity reached 600 times in a second ; eonso- 
quently the mirror described I*' in part of a 

second; t. in trsIsTS uf a second. But for 1** of 
rotation of a mirror the reflected image will describe 
on arc of 2’’. Supposing then that all the sparks occur 
at the same absolute instant of time, they will be 
seen in one line (supposing the points of the inter- 
rupted drouit in a line), but if either spark occur 
later than the others by only ^ ^ second, 

the mirror will have revolved ao mu^ in the intenral 
os to displsce the imagf' of that spark relatirely to 
the others by the yery palpable angular amount of 
2^ In the copper wire luilf a mile long, the end 
sparks occonea suaultam.v>u8ly, whilst the middle 
spark occurred later by ulK>ut one millionth of a 
second ; giving a velocity of transmission (according 


to Mr W.) of 288,000 miles a second, or somewhat 
greater than that of light.' The velocity in an iron 
telegraph-wire, ascertained lately in America with 
much greater accuracy, and by a diflerent method, is 
only 16,000 English miles a second ; but doubts have 
been thrown upon the correct interpretation of these 
experiments. Those of M. Fizcau on the telegraphic 
lines of France give results more conformable to 
Mr Wheatstone’s, namely, about 70,000 English 
miles per second for iron, and 120,000 for copper 
wire. The duration of a spark drawn immediately 
from the battery is insensible, but in Mr Wheatstone's 
experiment it lasted of a second when trans- 

mitted by a copper wire half a mile long. 

II. Eieetrie Tdegrapk and C/oci:«.— The idea of (M6.) 
usbg the transmission of electricity to communicate 
signals is so obvious as hardly to deserve the name_j*J^^ly 
of an invention, the prodigious velocity of common hUtory. 
electricity in wires having been established by Watson 
before the middle of the last century. The earliest 
proposal of the kind appears in the Seote ilfo^arine 
for February 1733, wh^e a correspondent from Ren- 
frew, who signs himself C. M., proposes sereral kinds 
of telegraphs acting by the attractive power of electri- 
city, conveyed by a scries of parallel wires correspond- 
ing in number to the letters of the alphabet, and In- 
sulated by supports of gloss or jeweller's cement at 
every twenty yards. Words are to be spelt by the 
electricity att^ting letters, or by striking bells cor- 
responding to letters. One Lesage, in 1782, and even 
long before, proposed to convey twouty-fuur insulated 
wires in a snbterranoan tube, and to indicate the tetters 
of the alphabet by means of the attraction of light 
bodies. In 1811 Sommering suggested a similar ap- 
plication of voltaic electric]^, chemical decomposition 
being the effect observed. Oersted first, and then Am- 
pere (1820) suggested the use of magnetic defloetions 
for the same purpose, which is nothing else than the 
needle telegraph in general use in England ; but they 
contented themselves with the suggestion merely. 

MM. Gauss and Weber communicated signals at 
Gottingen in 1833 or 1834 to a considerable dis- 
tance, and gave them the signification of letters. 

This was the first occomplishmont of telegraphic com- 
munication by moans of electricity, and it realised 
the fancy of Strada, quoted by Addison, of sym- 
pathetic magnets. It was, however, a mere appen- 
dage to a magnetic observatory, and its opplication 
and dififurioD on a great scale seems to liave required 
a distinct oflbrt ; for several years elapsed before we 
hear more of the telegraph. 

The year 1837 is the date of the realized electric fBST.) 
telegraph. Yie find three distinct claimants, of whose Tiirgrtfihs 
independent merits there is no reason whatever 
dou^ though how much of the merit of all must be HuiohsH. 
considered due to MM. Gauss and Weber, who first 
made the experiment, though they did not offer 


' 11m niUBtrlcsl tsIm Ii of coone only • very rode Mtinetioo. 
2d 
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for general adoption in a conTcnientform« is a mattor 
which we need not here dedde. The three indepen* 
dent inventors (I name them alphabetically) ore Mr 
Morse of the United States, M. Steinhcil of Munich, 
and Mr Wheatstone of London. The telegraph of 
the two last resembles in principle Oersted’s and 
Gauss's ; that of the first is entirely original, and con- 
sists in making a ribbon of paper move by clockwork, 
whilst interrupted marks aro impressed upon it by 
a pen or stamp of somo kind brought in contact with 
the ribbon by the attraction of a temporary magnet, 
which is excited by the circulation of the telegraphic 
current of electricity. In the telegraphs of M.M. 
IMioatatono and Steinhcil the needle moves only to 
the right or left ; and by the combination of a certain 
number of right and Icll motions, cither with one or 
with two independent needles acted on at once by 
distinct currents, the alphabet is easily, though some- 
what tediously constructed. Such, however, is the 
dexterity which practice gives, that forty or even 
more of such complex signals arc transmitted and 
registered per minute.* 

(S5S.) It has already lieen said that we claim the exclu- 
sive invention of the electric telegraph for no one in- 
dividual. But of the several inventors none pro- 
bably has shown such perseverance and skill in over- 
coming difficulties as Mr Wheatstone.* His telegraph 
accordingly was in general use in England before M. 
Steinheil was able to obtain a similar success in 
Germany. The telegraphs of Mr Morse are naturally 
preferred in America, and they have this inostimablo 
advantage, that they preserve a permanent record of 
the despatches which they convey. 

(659.) There is one circumstance connected with the clcc- 
trie telegraph deserving of particular notice — I moan 
the apparently infinite conducting power of the earth 
when made to act as the vehicle of the return current. 
Sotting all thoory aside, it is an unquestionable fact, 
that if a telegraphic communication be mofle, sup- 
pose from London to Brighton, by means of a wire 
going thither, passing through a galvanometer, and 
then returning, the force of the current shown by 
the galvanometer at Brighton will be almoat ex- 
actly doubled^ if, instead of the return wire, we 
establish a good communication between the end of 
the conducting wire and the mass of the earth at 
Brighton. The whole resistance of the return wire 
is at once dispensed with ! This fact was more than 
suspected by the ingenious M. Steinheil in 1836; 
but, some cause or other, it obtained little 

pnblicity ; nor does the author appear to have ex- 
erted himself to remove the reasonable prejudices 


with which so singular a paradox was naturally ro- 
ceive<i A most ingenious artist, Mr Bain, estab- 
lished for himself the principle, and proclaimed its 
application somewhat later; and in 1843, perhaps 
the first entirely convincing experiment.^ were made 
by M. Mattoucci at Pisa. From this time the double 
wire required to move the needle telegraph was 
reduced to a single one. The explanation of this 
curious fact appears to be,— not that the electricity 
is conducted back by tbe earth to its origin at the 
battery, — but that the molecular disturliance |>o- 
larly communicated along the conducting wire to its 
farther end being effectually relieved by perfect com- 
munication with a vast reservoir of neutral electri- 
city like the earth, conduction proceeds in an unin- 
terruptM manner, and to an unlimited exUmt. 

Of submarine telegraphs, it is sufficient to state (860.) 
that the isolation is obtained by inserting the con- Sobmarina 
ducting wires in a mass of gutta percha, and that *<**'8™P*^- 
the first on a con.siderablo scale was sunk between 
Dover and Cape Gris Net, on the French coast, in 
August 1851. 

The applications of electricity to the measurement (861.) 
of time arc so numerous, that I can only refer ge- 
nerally to the principal contrivances. 

1. The simple electric clock of Mr Bain derives its (862.) 
maintaining power from two large plates of 

and zinc (or more simply zinc and charcoal) sunk in ^ 
the earth, which affords for a very long time a con- 
tinuous supply of voltaic electricity. The current is 
conveyed into the bob of the pendulum, where It 
traverses a long coil of wire ; and as the pendulum 
oscillates, the current (by a simple shifting contriv- 
ance) is reversed at each vibration. A stationary 
bar-magnet is placed so that when the pendulum 
moves, the voltaic roll of the bob embraces the mag- 
net, and the direction of the current is such as by 
the clectro-magnctic reaction to Btrengtlien and main- 
tain the vibratory movement, which is by this means 
perpetuated. 

2. Sym|>athetic clocks. — By means similar to those (863.) 
just cxplainod, one standard clock anyhow regulated SympAtb*. 
may, by means of magneto-electric currents, convey *** 
absolutely isochronous movements to any number of 
affiliated clocks at any distance. Probably the first 
application of the kind was made by M. SteinbeiL 

3. American electric-registration clocks. — Mr (664.) 
liOcko proposed to register the instant of an event Am*ric*o 
occurring in the following way; A ribbon 
paper being put in uniform motion, as in Morse's tioa dockt, 
telegraph, a dot is imprinted on it every second by 


* OccMloDslly 18 or SO wonli per miauu bare b«en taUgraphod. 

* I ou^bc to mentioa that tbe practical iotroduction of the rlertnc tr1e(;r«ph is EnglAnd ia ia no tmalt drgm doe to tho 
*t»rray of Mr PotbargiU Cooke, joint |iat«ntc« with Mr Wbeatstoorror tho invention. The qarvtion of the reepretive eharee of 
tbee-‘ grnUemen lo tiie merit of Ulegrapbic comTauntcalton waa eabmUted, in 1841. to the arbitration of 8ir Marc Brunei and 
tbe inte Mr Daniell, the rcenlt nf which ap}>ear» to leave tbe prepooderanee of merit lo eoise reepecU ambignooi ; nevertbe. 
lee^ in a bUtory of Science, Mr Wbeatetonr it clearly entitled to tbe prc-naincDt place. Several pamphlet* have aleo been eub- 
•e^uently publbbed by Um partim. It \n iiignificant that Mr Cooke admits having borrowed bU idea frgen becomiog acquainted, 
at Ueidelberg, In March 1^6, with Gauat'i experimenu. 
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means of a simple connection an ostronomicnl 
clock. A separate marking apparatus under the con- 
trol of the experimenter enables him to interpolate a 
dot or mark corresponding to tho instant of any 
event happening— such, for instance, as the transit of 
a star. This method has the {i^eat advantage of 
leaving the observer at entire liberty to watch tho 
object without having to nttcrul to the beats of the 
clock, whilst it renders mistakes next to impossible. 
It has been successfully applied to the tletcrmination 
of longitudes, and more recently to all kinds of astro* 
nomical observations, by Mr Bond in America, and 
by Mr Airy at Greenwich (231). 

(866.) 4. Cbronoscopcs, or instruments for the measure* 

t’Tirooo- tuent of excessively short intervals of time, such as 
the flight of military projectiles, and even the trans- 
mission of sensation and motion along nervous 
fibres. — Such instruments have been constructed on 
a great variety of principles. Those of M. Pouillet, 
Mr Wheatstone, and Mr Siemens, deserve especial 
mention. 

(86C.) Ill* ^f electro-magnetism used as a moving 
Elftciro- power, we need say Uule. No one can witness the 

«agii«ti4m astonishing experiment of tho sudden creation of 
u s prime . ^ . 

magnetic power sumcient to sustain one or two tons 
by the voltaic dissolution of a few grains of zinc, 
without having the idea suggested of a continuous 
moving force. This enormous power is, however, 
exertod through a space so excessively minute, that 
its dynamical effect is always small ; and, though it 
is, course, possible to produce an engine by a 
sufficiently gigantic arrangement, the success has 
liithcrto not b^n encouraging. 

(887.) The rotations of Mr Faraday and Dr Ritchie were 


eleetrcMiynamic machines on a small scale. They U. Jaeobi'f 
were (probably) first mechanically applied by M.dal 
Negro in 1833, but more systematically by Mr. M. H. 

Jacobi, of St Fotersburg, the following year. It is 
stated that the latter gentleman moved a boat on tho 
Neva with an electro-ilynamic motor equivalent to 
throe-fourths of a horse power. He has also inves- 
tigated the theory of these machines, and the most 
advantageous circumstances of their employment. 

The principio is the nltemato attraction and rrpnl* 
sion of two temporary magnets (one of which re- 
volves), the current of electricity being suddenly 
changed at the critical part of the revolution. 

IV. To M. Jacobi — almost simultaneously with Mr (^.) 
S|>cncer of Liverpool — we are also indebted for one 
of the simplest and must elegant appliratlons of elec- - 

tridty, the Galvano-plastic art, or Voltatype. In— MM. 4»-* 
this, advantage is taken of the perfectly metallic state 
in which the base of a metallic salt is deposited at ^P**^*®’’* 
the negative pole of a voltaic combination. In the 
case, for example, of the decomposition of sulphate 
of copper, the sulphuric add unites with tho positive 
wire, or remains suspended, while tho metallic cop- 
per is slowly and homogeneously deposited on the 
surface of any object (rendered conducting by the 
application of black lead or otherwise), of which it 
forms a perfect mould, from which a fresh cast or 
/ae~»imiie in metal of the original object may be ob- 
tained by a repetition of tho process. To see the 
veins of a leaf, or the delicate wing of an insect, thus 
metallized, is certainly nn astonishing thing ; and 
tho applications to the useful arts are far too nume- 
rous to be noticed here. DaniclFa invention of the 
Constant Battery evidently suggested the Voltatype. 


I 7. Cavendish—Coulomb — ETperim€ntal Laiv$ of the Dietrihuticn of Statical Electricity } — 
Mathematical Theory of the eame. — PoissoN — Mathematical Theory of Statical Electricity 
and of Maynctiim generalized. Green ; IVofessor William Thomaon. 


(869.) Having thus brought down the history of galvanic 
8utic»l o|. voltaic electricity, and that of the wonderful dis- 
connected with it> to our own time, I shall 
^ in this section briefly notice the more intermitting 
progress during the same period of our knowlc<lge 
of the quantitative laws which regulate the diatrilm- 
tion of statical elertricity on bo<l3e5 charged with it. 
f870 ) '* ^pinus and Coulomb,’* saysDr Wbewell,' “ were 

.£plnui, two of the most eminent physical philosophers of 
CkvendUb, |jist ccnlurv.” They laid the foundations of an 
exact science of statical electricity; and a third, and 
still more eminent name, deserves to be connected 
with theirs, — that of CAvrjvmsB, of whose general 
lalMurs I hare already given some account in the 
Second section of the chapter on Heat. The labours 
of .£pinus belong rather to tho period embraced in 
the previous Di:»8ertatioa, where they have been ro- 
ferr^ to by Sir John Leslie. 


Ferhaps the most elaborate of the memoirs not ^ 
strictly chemical which Cavendish published were Cav«e- ' 
those on electricity. The Franklinian hypothesis of 
a single fluid in excess or in defect of its average 
state producing the phenomena then known as elec- aeots. 
trical, offered a tempting field to an experimental 
philosopher well tr^cd in the mathematical know- 
ledge of the day ; and hia paper on this subject shows 
extreme care in its conception and execution. He 
assumes, as a matter of necessity, tho repulsion of 
matter for matter at sensible distances, considered 
apart from the electricity always combined with it in 
greater or less quantity. The indifference of matter 
under ordinary circumstances is held to arise from 
the union with it of a sufficient amount of electricity 
to neutralize the repulsion of the matter. In short, 
the electric fluid is considered as a second kind of 
matter repelling its own particles, and attracting those 


1 JJiMcry «/ Ind^cliv* '’ol* tH., p. 34, 2d tdiUoD. 
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•"•Tan- of other matter with a force varying invewely as some 
distance tlinn the cube. Common 
xhwj »o4 matter repels its own particles and attracts electric 
•ip«ri. particles according to the same law. The limitation 
meau. oa to a power below the inverse cube of the distance 
is necessary, since were the decrease of force more 
rapid, a particle would not be sensibly affected by the 
repulsion of any portion of the fluid except what waa 
placed close to it. The hypothesis of (’avendish and 
his mode of reasoning from it were in general the 
same as those of ^pinus ; hut Cavendish was not 
aware of the researches of the Swedish philosopher 
until his own memoir was completed. The number 
of facts accurately ascertained concerning electricity 
was at that time too small to admit of very precise 
numerical comparisons, but the ordinary coses of ai> 
traction, repulsion, and induction, were perspicuously 
explained by the theory; and had the inverse square 
of the distance been assumed (as it very safely might 
have been) to represent the law of diminishing re- 
pulsion, several of the theorems would have as- 
snmed a much more definite character, as was 
* shown by Robison. Cavendish first demonstrated 

in his paper of 1771 that electricity must bo 
confined close to the surface of a spherical body. 
This memoir also includes a correct theory of 
the Leyden phial, a just approximation to the law 
of attraction as the inverse square of the distance, 
a theory of conduction, and of the distribution of 
electricity on insulated conductors placed at a dis- 
tance but connected by a fine wire or electric canal ; 
and it was only the prelude to other researches never 
published, but of which some remarkable fragments 
exist amongst his manuscripts. Professor William 
Thomson, who has partly examined these, informs 
me that they contain the experimental solution of 
problems such as the following i *' To compare the 
quantities of electricity on a spherical conductor, 
and a plane disk of equal diameter connected by a 
long conducting wire.'* Cavendish found that the 
sphere holds 1*57 times the electricity of the plate, 
a result eroctfy coincident with the deductions of 
theory. 

(87 2.) I may hero (for the sake of biographical connection) 

an*ani*^** mention Cavendish's paper on Uio Torpedo, as a re- 
fleial markable instance of the explanation of an obscure 
torpedo, natural phenomenon, by the analogous effects of an 
artificial imitation. The experiments of Walsh on the 
Electrical Fishes have been cited in the preceding Dis- 
sertation. (Cavendish undertook the bold task of prov- 
ing, that all the external effects of the shock under 
varied circumstances, might be reproduced by a com- 
bination of Leyden jars duly protected. He made an 
artificial torp^o, consisting of 49 jars in a frame 


covered with leather, and he succeeded in obtaining 
shocks in air as in water, exactly comparable to those 
obtained from the live fish by Walsh. But perhaps the 
most striking part of the paper is the incidental men- 
tion of severallawsof electricity then certainlynew,and 
which he had deduced from experiment. Thus, he af- 
firms the conducting power of iron for electricity to 
exceed 400,000 times that of distilled water, which he 
states to be equivalent to the fact, that a conductor of 
equal diameter will transmit as much electricity if the 
iron be 400,000 times longer than the water.--a law 
conformable to that of Ohm. He farther estimates 
the conducting power of sea-water at 1 00 times, but 
of saturated brine at 720 times that of pure water. 

Again, the quantity of electricity required to raise the 
charge on Afferent jars or plates to the same inten- 
sity he finds to he directly as the area of the coating, 
and inversely as the thideness of the plate, and he 
applies this just conclusion with great ingenuity to 
explain the surprising power of the torp^o's shock 
by the extreme fineness of the membranes separating 
the columns of the electrical organs. 

CocLOMD (born 1736, died 1806^} was a person of (873.) 
less genius and less mathematical attainment than 
Cavendish, yet he hatl very considerable geometrical *xp*ri- 
ability and much facility in applying it to the results taenu. 
of experiments, which he conducted with the greatest 
ingenuity and accuracy. In the latter respect he has 
seldom been surpassed. His methods, and even his 
numbers, are still, after a lapse of more than half a 
century, in many cases the beat we can quote. 

Like (javendish, he waa devoted to guantitarive esti- 
mations of phenomena. 

His two greatest inventions were the balance of (874.) 
tortion and the proof p/aus. In the course of 
strictly mechanical researches (which, as we have torsion 
seen in the chapter on Mechanics, Art. 339, Ac., were sod tb« 
numerous and important) he ascertained the laws of^!^^ 
torsion. Within the limits of perfect elasticity, he ^ 
found that the force is as the angle of torsion of the 
wire or fibre, and inversely as its length. An almost 
indefinite minuteness may thus be attained in the mea- 
sure of forces which may bo balanced by the clastic tor- 
sion of a wire. Wo have seen (Astronomy, § 1, Art. 

156) how it was applied by Michell and (javendish to 
measure the gravitation of bodies. Coulomb's inven- 
tion dates at least from 1784. By means of it bo 
established (in a different and perhaps more satisfac- 
tory way than had been done by Robison in 1769) that 
the electric and magnetic forces vary according to the 
Newtonian law;* and with the aid of the “proof 
plane" he obtained exact measures of the electric 
tension on any part of an excited body. The “ proof 
plane" consists of a smell ^It disk with an insulat- 


* For ■ fKrthvr teooant of Couloab. mc tb« cbapttr oo Mechuiiei, f 2. 

* thifl low, Coulomb ozprrimentAliy nror<K] two otbrrt of groat importaoeo 1. That tb« rloctriel^ of Mi «l«c- 
trlficd conductor rr«ld«t wholly od iu iurf&ct. 3. That tba iotarior of laeb a coodoctor U in a eoadlUoa abMlataly aadUturbad 
by tba pm«oc« of othir external excited bodiae. 
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h&ndic, ^rhieh being applied JlaUunte to the snr- 
face of an excited bod^ takes off a portion of electri- 
city, which is found in all cases to bo proportioned 
to the electric excitement of the part which it bod 
touched ; being then presented to the torsion balance 
properly electrified, it shows by the repulsiTe effect 
produced, the relative tension of the part of the 
body whence the $ampU was obtained. 

(67S.) Xq manner Coulomb determined the distribu- 
tion of electricity upon electrified spheres at and after 
contact with one another on spheres inductively 
electrified,— »on rods and plates and other figures ; and 
his results, so far as they have been compared with 
theory, give evidence of the care and skill with which 
they were obtained, allowance being in all cases made 
for the loss of electricity by imperfect insulation. Ho 
also laboured with praiseworthy diligence to compare 
his results with the theory which he adopted of two 
fluids, each attracting the particles of the other and 
repelling their own according to the Newtonian law. 
The Opinion theory admits of only one fluid, but os it 
assumes a repulsion between the elementary particles 
matter it eannot bo said to gain much in simplicity, 
whilst the mathematical results of cither hypothesis 
are in general the same. M. Mosotti has endea- 
voured recently to revive the view of Franklin and 
of ^pinus, so as to include, afler the manner of 
Boscovich, the entire mechanical properties of 
matter. 

(876.) The doctrine of attractions is a complex and diffl- 
cult one even when the distribution of the attracting 
attractions matter, as well as the fundamental law of attraction, 
ud rapuW is known. But it becomes much more so when th<^ 
•ions. distribution of the attracting matter is itself the 
result of the very effeet which it is the object 
of the problem to discover. If two homogeneous 
spheres attract one another, molecule to molecule, hy 
the law of gravity, the problem is easy, provided the 
matter be rigid, and the distribution of it therefore 
unchanged ; but if two such spheres bo charged with 
the mobile electric Jluid (using the term os a mere 
abbreviation), the ease is very diflerent, for now the 
electricity tends to shun the nearest points of each 
sphere, and to accumulate itself towards the remoter 
parts of their surfaces. The distribution of the 
electricity, and also the repulsive effect at any point, 
are both to be found simultaneously. The calcula- 
tions of Coulomb were inadequate (as has been said) 
to such a solution ; he contented himself with comput- 
ing the effect of certain simple distributions which evi- 
dently lay on opposite sides of the truth, and com- 
paring thorn with the result of experiment. Though 
any one such oomparison might avail little, the 
oumulative evidence of many imperfect comparisons 
argued favourably for the truth of the hypothesis. 

(877.) Ibe very time that Coulomb was pursuing this 

Its prin* inquiry, Legendre first, and then Laplace, were in- 
venting and improving those subtle and powerful 
rSfiCr K ^ mathematical methods at which wo have glanced in 


the chapter on Physical Astronomy, Art. 99, &e., Lsp1sc% 
for estimating attractions by a general method. Lo- •"<* 
gendre’s prindples of calculation applied to cases 
the symmetrical distribution of the attractive sub- 
stances, but Laplace escaped this restriction. The 
problem is reduced to finding a quantity usually de- 
noted by the letter V, called by some writers the 
potential, for the given bodyor surface, the expression 
for which may in each cose be expanded into a series, 
the co-efficients of the terms of which (known as 
Laplace's co-efficients) are connected by certain rela- 
tions which are evolved from the conditions of the 
problem. It was 31. Biot first of all, but principally 
Poisson, who applied this method to electrical, and 
subsequently to mognetical phenomena. Poisson, 
with groat labour, succeeded in representing eorrecUy 
by analysis the conditions of some of Coulomb's ex- 
periments on spheres and ellipsoids. But it must 
bo owned that the complication of the analysis, the 
difficulty of applying it to any but the very simplest 
cases, and the considerable latitude of the errors of 
experiment, rendered the results rather analytical 
exercises than solid bases for physical induction ; ^ 

which may in some degree account for the manner 
in which Sir John Leslie mentions them in hit Dis- 
sertation. Poisson (as I have elsewhere remarked) 
had not the talent of conducting his mathematics in 
a fertile direction, and usually left the fields of ex- 
perimental physics on which he touched nearly as 
barren as he found them. But this is no rea- 
son why other mathematical rcasoners may not 
obtain more pregnant results. We shall see in the 
next section that Gauss, a distinguished contempo- 
rary of Poisson, by treating the great problem 
of the distribution of the magnetism of the globe 
(in many respects similar to those of the theory 
of electricity) with the utmost mathematical gene- 
rality, has obtained results of great novelty and 
importance ; that he has not only shown experi- 
menters bow to proceed, but has invented instru- 
ments for them to use. A similar step has not yet 
been taken in electricity. Notwithstanding the un- 
questionable beauty of Sir William Harris’s methods 
of measuring electrical attractions (Phil. Trans, 

1834), they are little adapted for comparison with 
theory, and Coulomb’s experiments still remain the 
standard ones on the subject 

The theory of Coulomb has, however, been ably go- (878.) 
neralized by Green, a nearly self-taught mathemati- Writlogt 
cian of great originality, who died at a premature age. 

In a memoir on electricity privately printed about tvof^wer 
1830 he generalized Poisson’s methods and ap-W. TlKim- 
plied them to a number of new cases. His paper 
was reprinted a few years since in Oelle's Journal. 

To him I bclicTc is due the term potential. Several 
continental mathematicians of eminence have added 
some steps to the theory of electricity, but probably 
the most important from its fertility and simplicity 
is a theorem discovered by Professor William Thom- 
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son of for reducing tbo electrical cfTecta of 

clectn6cd spheres upon points or other spheres with- 
out them to those of electrified points in certain po- 
sitions replacing the s|dicrcs, which points, from 
certain analogies to well known optical formula^, 
Professor Tliomson has designated elttirical imngts.* 
Tlie mathematical theory of magnetism has ro> 
ceived a liiglily practical application in the correction 
of the deviation of compass due to the local attrac- 
tion of ships. Professor Barlow of Woolwich led the 
way in attempting practically to correct the errors 
thence arising. But when ships began to be con- 
structed almost entirely of iron, the use of his ** cor- 
recting plate” was found to bo totally insufficient. 
To the llev. Dr Scorcsby, practical navigation is 
indebted for many ingenious observations on the 
magnetism of ships, and suggestions as to the means 


of allowing for it; while Mr Airy and Mr Archibald 
Smith have the merit of applying the Theory of 
Magnetism to the case in question. Mr Airy*s in- 
vestigations may be found in the Philosophical 
Traniaetions for 1839 and 1855; from which it 
appears that the effiects of local magnetism in a ves- 
sel may be speedily and effectually corrected for a 
given place by the use of two permanent magnets 
placed in rectangular positions relatively to the com- 
pass ; and by the use of a mass of sofl iron in a third 
direction. But grave doubts still remain os to the 
possibility of rendering such corrections permanent, 
and applicable in all magnetic latitudes. A great 
step has, however, been gained by putting the power 
of readily verifying the compass corrections in any 
part of the world in the hands of every intelligent 
captain. 


§ 8. Professor Hansteen— Baron A. voN Hcmbolot — Gauss — Major-General Sabine — Captain 
Sir J. C. Ross. — Progress of our Knowledge of Terrestrial Magnetism in the present Century. 


I could hardly have intentionally selected a more 
characteristic example of the scientific progress of 
the nineteenth century than the recent history of 
terrestrial magnetism, even had it not accidentally 
formed the closing section of this Dissertation. The 
combination of extended methodical research in ob- 
taining physical data, with mathematical skill in 
comparing them and in deducing from them the 
most important results, has been attended with 
nu-rited success. I regret that the unforeseen extent 
of this historical sketch compels mo to touch with 
gn^t brevity on the leading points of this research. 

Professor CHRisroPiiEa }1 a.V 8TEEN, of Christiania, 
in Norway, is the person who has given pro- 
bably the greatest impulse in recent times to 
the efforts to methodize the facts and laws of 
the earth's magnetism. M. Hansteen was bom 
26th September 1784, and is Professor of Astro- 
nomy in the University of Christiania, and Direc- 
tor of the Observatory, llis dissertation, entitled 
Magnetismut der Arde, published in 1819, which 
received a prize from the Koyal Danish Academy, 
recapitulated ail the authentic facts obtmned by 
voyagers and others from the earliest times. It 
will be recollected* that Halley had represented 
the magnetic variation at diilereut parts of the 
globo by lines traced on Mercator's chart, and 
{fAssiog through all placv.n where the variation 
(or declination) of the needle from the true north 
was equal ; and being well aware of the progressive 
(or secular) changes in the course of these lines, he 


proposed the hypothesis of two pairs of magnetic 
poles interior to the globe, of which one pair re- 
volves slowly. 

This hypothesis, little tliought of at tbo time, ( 882 .) 
and perhaps of little value except as a help towards Hsllcy’B 
the formal representation of the facts, ap^ars to 
hare been revived by Wilcke, a Swede, whose la-«h&rts. 
hours attracted the attention of Professor Hansteen 
first in 1807* M. Hansteen found the results of his 
own collections to coincide well with Halley's chart 
for 1700, and also with the hypothesis of four poles, 
two in each hemUphere, one stronger than the other. 

It results from these chxirts that the Line of No Va- Eioe of No 
rtatiow, wliich, in 1600, formed a remarkable arch- ''•rlitlon. 
like curve, stretching from the Golf of Mexico to 
near the North Cape of Norway, then descending 
through Central Europe to the Gulf of Guinea, had, 
during the seventeenth and eighteenth centuries, be- 
come gradually fiattened (having passed through 
Paris in 1669, and through London twelve years 
earlier), and at present this part of the line of No 
Variation is conned to the American continent oud 
neighbouring seas. Another and more complicated 
branch of the some lino traverses the Pacific Ocean, 
making a complex serpentine track through East- 
ern Asia and Siberia. The line of No Variation 
may be expected to pass through those points of tbo 
earth's surface towards which the needle converges, 
which are sometimes called the magnetic pules (of 
which more presently), and of which M. Hansteen 
concludes the position to be as follows :*-— 


^ CawJbridf« 3/a(Ama(ieaI Jtmnal, ISi&O. 

* UiMerUttoD, p. 741. 

* Krota M. ilanitna'i re«»u psi^er on the Secular Change of the Dip (Cop*nkaytn, 1S&5). In this ingenioiu m«o>oir it ia ii>- 

ferreJ. with comiderable plautibiilijr, that the anuusl diiuiautioo of the dip it <ir<rt<mug, and eoQfequeatl 7 that s at 

dip will occur io Europe before the cl^ of UUa century. 
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The latitudaa oftbeae "poinU of ooovergeocc'' are alao varying. 


Variation maps of a di0crent kind have boon con- 
structed by the French Admiral Buperrey, in wUch 
the actual direction of the needle is represented by 
arrows. The above positions of tlie magnetic poles 
were deduced by Mr Hanstoen from the apparent 
convcrgency of the magnetic needle towards those 
four points. The earlier oheervations appear to bo 
more precise than might have been expected. 

Professor Hansteen also constructed charts of the 
lines of equal dip. In certain positions between the 
tropics the dip is nothing, or the freely suspended 
magnetic needle rommns horizontal. Tho lino con- 
necting these places is called the magnetic equator. 
It is an undulating line inclined somewhere near 12'^ 
or 13^ to the terrestrial equator, and cutting it in 
two points not exactly opposite, but in about 3^ 2Cf 
and 174” 30' of east longitude from Paris, according 
to Admiral Duperrey's observations in 1825. Tho 
position of these nodes is, however, variable. The 
north end of the needle (as is well known) dips 
more and more in the northern hemisphere, until 
in a certain place it becomes vertical, where there- 
fore tho horizontal component of the magnetic 
force is nothing, and tho common compass loses 
altogether its dircctivo power. Similar phenomena 
occur in the southern hemisphere. Lines of dip 
of 10”, 20’, &C., may be drawn, and where the dip 
is 90’ tAers is a true magnetic pole. The best obser- 
vations seem to show that there is but one such true 
pole in each hemisphere. 

If we define os ** pole” a spot whero tho needle 
points vertically (whi^ is the signification adopted 
by (x^auss and others), these points do not coin- 
cide with those of greatest intensity. On tho 1st 
June 1831, Commander Boss (now Sir James 
Clark Ross) attained tho true magnetic pole in tho 
North American continent in lat. 70’ 6' 17* N., and 
long. 96’ 45' 48" W. Tho dip of the needle was 
sensibly 90’. 

A third element not less important than Variation 
and Dip, though more lately brought into notice, is 
the Intensity of the earth’s magnetism, and to this Pro- 
fessor Hansteen directed special attention. That the 
intensity of tho earth’s directive force may be mea- 
sured by counting the oscillations of a suspended 
magnet in the some way that a pendulum measures 
gravity was known to Graham, Lambert, and others. 


towards tho middle of the lost century ; but the ex- 
ploration of its variation on the earth’s surface was 
first attempted by the officers of La|>4rouse in 1785, 
and later by Do Rossel. But it was Baron Hum- 
boldt who, at the instigation of Borda,i undertook 
tho earliest observations which have hod any perma- 
nent influcnco on this branch of science, and who in 
the first years of this century determined the rela- n&n>n 
five intensity of tho earth’s magnetism at Paris and Hum- 
at the magnetic equator in South America, to be in 
the ratio of 1*3482 to 1*0000 ; ® a result which has ^ 
become, so to speak, classical, and which the author 
considered as the most important result of his jour- 
ney.^ M. Hansteen promoted the same enquiry ex- 
tensively ; he devised a neat and convenient apparatus 
for counting the oscillations of the needles, and he * 

investigated the effects of time and temperature in 
altering their magnetism.* He made numerous ob- 
servations in the nortli of Europe, and finally under- 
took, between 1828 and 1830 (by the liberality of 
tho Norwegian parliament or StortJtinp), an adven- 
turous journey into Siberia, for tho purpose of exa- 
mining the region of coDvcrgcncc” of the needle in 
that quarter. His account of his journey has most M. Ertoan. 
unfortunately not been puUished; but his compa- 
nion, Professor Adolphe Erman, has given the main 
results, together with extensive observations entirely 
his own.^ This was the first magnetical expedition 
of any magnitude, and of a national character. It 
yields in importance to none which have succeed' 

^ it. 

Tho magnetic intensity then increases from the (8S6.) 
neighbourhood of tho equator towards the Arctic Dlitribn- 
Regions, and there it has two foci of greatest intcn-|^°“ 
sity. A similar arrangement occurs in tho southern 
hemisphere, and these four points of maximum at- 
traction or convergence of tho needle constitute the 
** poles” of Halley and of M. Hansteen. To M. 

Hansteen we are indebted for the first good ap- 
proximation to a general chart of the lines of equal 
intensity. 

Tho supposed diminution of tho magnetic inten- (887.) 
sity 08 wc recede from tho earth’s surface has been BIsdIbu- 
repeatedly made tho subject of experiment. The 
insulated experiments of Gay-Lussac in a balloon ioMoilty 
(630), and of M. Kupfi'er at Mont Elbroutz, led to with 
no conclusive result. From a numerons scries of 


^ 8eo Koawut, rol. L, nolo 159. 

* On tbe mmft Male th« at London U 1'3720. * S«« uH, tup. 

* Zk MuutUotul-ut IVrjra .Vo^m^iiocv, 1842. 

* Sea bit LIom of Equal Varlaiioo, rcprodaecd m tb* Royal Society's •* Report on Physics and Uclcorology, 1640.’* 
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careful observatioos made in the Alps and Pyrenees 
with Hansteen’s apparatus, and stumoasly corrected 
for temperature, the present writer has found a 
diminution of one-tliousandth part in the horizontal 
intensity for arcrtical ascent of about 3000 feet.* 

Such ore the general features of the distribution of 
the magnetic force upon the surface of the globe. But 
from an early period the magnetic elements for the 
same place hare been known to be variable. Such 
deviations from constancy are aither>-l. Secular ; 2. 
Periodic ; 3. Irregular. All the three magnetic ele- 
ments (Variation, Dip, and Intensity) probably par- 
take of these changes. The westerly Variation or De- 
clination bad till 1818 been increasing in Europe since 
the earliest observations. This results from a com- 
plicated movement of the line of No Variation and 
its companion curves. While their common centre 
or pole in North America has been slowly advancing 
towards the East, a considerable portion of the sys- 
tem of curves in this quarter of the globe has bMn 
proceeding in a south-westerly direction nearly in a 
line joining Spain with South America, thus produc- 
ing a complicated rotatory motion of the lines of Va- 
riation, of which the first effect was to extinguish the 
singular loop in the curve of No Decimation (in- 
cluding a space of easterly declination) which is 
shown in M. Houstoen’s chart for 1600 to have 
occupied a large part of Western Europe.’ About 
1818 the needle began to retrograde towards the 
east in this part of Europe. The dip has been dimi- 
nishing in Europe since the earliest observations. 

Graham discovered the Diurnal Variation of the 
Compass. It occurs in a reversed direction in the 
southern hemisphere. Near the equator (as at St 
Helena) the ne<^le partakes at one season of the 
northern character, at another of the southern, de- 
pending on the position of the sun. 

To Baron Humboldt and toArago we are prin- 
cipally indebted for a knowledge of great and capri- 
cious fluctuations of the magnetic elements occurring 
simultaneously over vast regions of the earth. These 
have been called magnetic storms.’ They ore often 
connected with auroral appearances. 

Next to Professor Hansteen, scienec is mainly in- 
debted for the recent great extension of our know- 
ledge of the facts and laws of terrestrial magnetism 
to two illustrious German philosophers, Baron Alex- 
ander von Humboldt and the late Professor Gauss. 

The name of Alkxaioixi vox Uuvboldt U os 


widely known as science is cultivated. The ardour Baron 
of his love of nature, the comprehensive interest 
bo takes in every department of knowledge, and theboUt. 
generosity of his disposition, in combination with the 
fortunate accidents oC an an usually vigorous coostita- 
tion, and an eminent social position, have combined 
to place him in the foremost rank of natural philoso- 
phers. 

He was boro on the 14th September 1769, and (893.) 
consequently is now (1866) in hU 87th year. 
was a pupil of Werner in 1791, and devoted conai-^^^*® 
derable attention to metallurgy. An early longing 
for foreign travel seems to have foreshadowed his 
future career, but political drcumstaoces were, to- 
wards the close of the last century, eminently un- 
favourable to its accomplishment. His celebrated 
journey to Southern and Central America ^under- 
taken after the failure of several other schemes) lasted 
from June 1799 until August 1804. We may, per- 
haps, be allowed to regret that an impression of the 
duly of presenting to the public the results of that 
interesting journey in their most complete form 
should have absorbed the leisure of so many of his 
most vigorous years, and should have withheld him 
from other and still more important enterprises. 

From 1808 to 1826 Baron Humboldt resided mainly 
in Paris, in the most intimate companionship with 
Arago, who, though much bis junior, has predeceased 
him. lie then took up his residence at Berlin, in 
compliance with the wish of the King of Prussia, and 
he soon after delivered there a course of public lec- 
tures on Physical Geography which formed the basis 
of his remarkable work entitled Kormof, the compo- 
sition of which has formed the chief occupation of his 
vigorous old age. In 1829 he made a rapid but in- 
teresting journey into Asiatic Russia, important in 
its results, yet imperfectly carrying out the ardent 
aspiratioii of his early years to unfold the marvellous 
physical peculiarities of the Eastern continent 

Baron Humboldt has contributed more to Physical g 
Geography than any other man now living ; and that, pajgial 
not only by his individual efforts, but by the direction Occgrspb). 
and encouragement which he has given to innumer- 
able travellers and naturalists. His career seems to 
have been more closely modeUed upon that of Dc 
Saussure than of any other of his contemporaries or 
predecessors. Those branches of Physical Geography 
which admit of numerical treatment seem most con- 
genial to him ; and he has left more of the impress 
of his personal influence upon the sciences of Meteor- 


^ Ediaborgli TranMcUoiu, rol. xiil. 

* M. Ango giret, im> doubt, ui f rrooootu Inprcsiioo la itotlag that tbe WMterly BMveiMDt of ifa* Iim of No DecUootloo bas 
curled It 1 q 900 jMn from Puls to PhUadelphUt. Tet 1 eanoot nbscrlbe to the oplakm of bis able eommeotator that ibe 
Loooof Ko UeclioatioQ which paseod over Eorope In the MveBteenlh eeotor 7 moved eastwards, aad may still be traced in Aeia 
— {BritUh Aseociatlon, JV/kA JUf>crt, p. 63| Arego’e Jfet44)rcio^ai S*$ayt, translated, p. 330). I ooocalve that, ae stated In the 
teat, the loop moved sonth-weetwmr^ bcerae mcceeslTely an oval and a singnlar point, and was finally worked out previously 
to 1700. 

* In Seotember 1841 a remarkable limnltaneoas disturbance took place In Canada, Scotland, the Cape of Good Hope, add New 
South Warn. Such occarrencca ue now known to be very eoomoii. 
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lUrun oIoj;y an'I Masrnctism than upon any others which he 
bllllh cultivated. His conci'ption of laothennat Zinf* awl 
M«t«orn* his trcatmcjit of the subject of Climatology in his rc- 
Ikv markable }>apcr of 1817* gtive a new impulse to the 
th4>rmal former sohject. His inagnetical observations in his 
Llae*. toyi^e to the Equator have already been wlvcrted to. 
If&gociiim Besides this we are indebttnl to Baron Hurolmhlt for 
directing attention to the simultancou.s ami seemingly 
accidental disturbances of the magnetic ncc«Ilc whicli 
take place over vast portions of the area of the globe. 
Ho commenced observations on this subject in con- 
junction with M. Oltmanns as early as 1806 ; and 
during hia residence in Paris he no doubt enroumgod 
his friend Arago in those elaborate observations on 
the hourly variations of the needle which, to tho 
irreparable loss of science, remaiuod unpublished 
whilst they might have l>ecn nmat useful.* In 1829 
simultaneous observations were mode in Germany 
and Russia, and compared by MM. de Humboldt, 
Dove, and others, with interesting results.’ It Is 
prohahlo that tho results then obtain<»l instigatc<l 
Gauss to tho enlarged enquiry to which I shall imme- 
diately refer. M. de Humboldt had already addressed 
the Russian Government on the same subject, sug- 
gesting the regUtration of hourly obscrvaliuns in their 
vast territories ; and these, the Brst systematic ob- 
servations of the kind, have boon continiic<l ever 
since. The suggestion of “ Term Days” of cemrinvoua 
registration of the Declination Needle was also due 
to Boron Humboldt. In 1B36 ho addressed the 
President of tho Royal Society of London on the same 
subject, and hia letter formed the basis of the exten- 
sive undertakings which have formed the contribu- 
tion of the British Government to this great enquiry. 

Baron Humboldt still lives at Berlin, enjoying the 
respect of all who know him, and the distinguished 
favour of hia Sovereign. 

Caul Friedrich Gauss, late Professor of Astro- 
nomy at Gdttingen, belonged to that group of cele- 
brate<l geometers who illustrated the commencement 
of this century, and of which he was for some years 
the last survivor ; but he too has now passed 
away. 

(897.) Gauss was horn at Brunswick on the 30th April 
1 1"77, of humble parents, and was indebted for a 
mstbeiDs- liberal education to the notice which ms talents pro- 
tlcalworki. cured him from the reigning duke. Uis earliest 
original researches were in the theory of nnmhere. 
His IH$gvUuion.c9 Arithmeticae were published in 
1801, and were os profound and original as they 
have always been considered obscure even by those 
devoted to snch studies. Gauss demonstrated tho 
|K>ssibUity of gconiotricatly inBcribing a regular poly- 


gon of 17 sides within a circle ; tho only extension 
of geometry in this direction since the time of Euclid. 

His Theoria Afotus Corporunt GeUstium, published 
in 1809, is a very remarkable treutise on the p«ome- 
tritral theory of the planetary orbits ; in which it 
was shown for the first time how the elliptic ele- 
ments of a heavenly bo<iy may be duducufl from 
tlirec observation.^ only of longitude and latitude, — 
an important extension of Newton's celebrated do- 
monstration in the case of parabolic cometary orbits. 

In tbo same work tho uietb<»l of lenat squtrta 
(85) was fully unfolded in its applications to astro- 
nomy. 

These and many other important haliours all con- rs98.) 
necled with the higher mathematics, had obtained 
for Gauss an exalted placo among the men of 
of his time, long before he commenced those re- nittira. 
searches on Terrestrial Magnetism, in virtue of 
which his name ia introduced into the present sec- 
tion. It con hardly be doubted, however, tliat by 
these — scarcely begun before he had enterc<l on hU 
55th year^ho will be hereafter chiefly remembered. 

His first work on the theory of m.ignetism* was pub- 
lished in 1833, and excited very general notii^, as it 
contained a remarkable application of tho Theory of 
Attractions to the distribution of tiiagnetism in a 
steel bar, a singularly ingenious and rigorous proof 
of the primary law of tlic magnetic force, and like- 
wise a new and practical application of a suggestion 
thrown out by Poisson, of a method by w hich 
magnetic directive force of tho earth itself may he „e*«ar«. 
expressed in absolute mca/iure, iiresjH'ctivcIy of the 
constancy of the magnetism in tho bar which is in 
the first instance used to estimate it. For this purpose 
two kinds of observation are requirwl,—! 9*1 By vibrat- 
ing a needle or bar of known weight and diroensions, 
and observing the time of its oscillation, the force 
pulling it into the meridian is ascertained in terms 
of the ordinary dynamical naiU. The time depends 
jointly on the magnetic force of tho earth, and on 
that of the bar, or it varies inversely as tlic pro</fic{ 
of the two. 2dly, Another bar, B, is suspended like 
tho first, A, in the magnetic meridian. A is then 
brought to act upon B, so as to draw it permanently 
out of tho meridian. The position in which D rests 
determines tho ratio of tho magnetic force of the 
earth and of the bar A. But quantities whosc/)ro- 
ciuct and whose ratio ore given in known measures, aro 
also known ; whence the separate intensities of tho 
earth’s and tho bar’s magnetism may be eliminated.’ 

Having thus fairly entered on a career of mag- <899.) 
netic experiments, Gauss proceeded, in conjunction 
with an experienced physicist of Gottingen, Frtifcssor 
^Vilhelm Weber (420), to invent new apjioratua for 


* Jblcnoir«* d’Arceull. tom. iii., p. 462. ® Pcwthumotuly puLlubed in bit (E»tvr<t. 

9 abstract in BibliatKf’pu CwvtratlU, Aoat 1832. 

* rnlriwifdj vu ttrr<$tri* ad mM#urnm a^/wow rcvocdfa. Gott. 1833. 

9 Tba «nit «// 0 ce# to which th«M lQt«iuitie« are referred is ths( fores (la grains) which acUag oq nait of mass through unit 
of tbre (s ■ecund) gsosrates in It oolt of velocity (s foot^ 
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observing the earth's mag’OL’tism and ita changes. 
The instruments devised by them were a De- 
clination Instrument and a Bifilar Magnetometer. 
The first is a hnavy inagnetize<l bar some feet in 
length, suspended by a bundle of parallel silk fibres. 
It is suffered to place itself in the magnetic meridian, 
and the small displacements due to hourly, annual, 
or irregular flnetuation, are ascertained by viewing 
with a telescope the reflection of a fixed scale of equal 
parts placed at some distance in a small mirror 
which is attached to the magnetic bar. The bifilar 
instrument is for ascertaining changes of intensity in 
the earth's magnetism. It is a bar like the lost, sns- 
pende<l by two parallel threads or wires. By twist- 
ing round tlio points of double suspension, the liar 
is forced by torsion into a position at right angles 
to the magnetic meridian, whore it is held in 
equilibrium by the force of the earth's magnetism, 
and that of the torsion of the wires. Supposing the 
latter force to be constant, if tlic former vary, the 
bar will change its position, which is obserred by the 
mirror and telescope as before. 

(9<K^.) To these instruments, Professor Lloyd, of Dnblin, 
added another for measuring the vertical component 
of the magnetic intensity. It is a magnet suspended 
horizontally on knife-edges like those of a balance. 
Its deflcctioii from the horizontal line indicates va- 
riations in the vertical portion of the earth's mag- 
netism. 

(901.) The dip is determined in the usual way; the va- 
riation* of dip, liowcvcr, ore ascertained by comparing 
tho %'anatioas of horizontal and vertical intensity. 

(909.) Gaus.h did not content himself witli suggesting 
Tbs Got- new forms of apparatus, and recommending them to 
utliers. With the active assistance of M. Weber, be 
erected, in 1833, at Gottingen, a magnetic observa- 
tioBs. torylVee from iron (qs M. dc Humboldt and Aragu 
had already done on a smaller scale), whore he 
watched with patience the inc^sant movements of 
tho ncwly-conslrucied needles or bars. It was from 
tho same observatory that ho sent telegraphic 
signals to the neighbouring town, thus showing the 
practicability of an electro-magnetic telegraph (856). 
He fartlicr instituted an association (magnetischcr 
Kercin), composed at first almost entirely of Ger- 
mans, whose continuous observations on fixed Term- 
days extended from Holland to Sicily.* The marvel- 
lous coincidence of the occurrence of even the minute 
irregularities of the earth’s magnetism was thus 
more fully establishc«i. 

(903.) q»jie Mathematical Theory ofTerrestrial Magnetism 
of Gauss* is intcndc<l to replace all arbitrary assump- 


tions whatever os to the distribution of magnetism Gauu's 
in or over tho earth. It proposes to express by an 
empirical law, involving as little of hvpothcsis as 
possible, the direction of the freely suspended mag- trl*l m»g- 
Dctic needle and its directive force at any point of the uetLua. 
earth's surface, the data being of coarse derived from 
a limited number of observations. 

The theoretical assumption with which Gauss (W4.) 
starts is merely tliis, — that the elementary force of 
magnetism varies inversely as the square of the dis- 
tance, and that it is distributed over the matter of 
the terrestrial globe in a way or according to a law 
presumed to be entirely unknown. 

Followiug up the methods employed by I>aplacc (905.) 
and others, for representing the attractions of 
sphere or spheroid, he proposes to discover the form attrsciiona 
of that remarkable function (sometimes called the 
Pop!ntviiy whose difTcrcDtiul cocdicicuts express the 
resolved components of the total magnetic force. 

Tills quantity V, and also its difiercntial coefficients 
(representing the attraction.^ in given directions), 
may always be expressetl by a series with indetermi- 
nate coefficients, which is known to converge more 
or less rapidly ; and since the component forces 
or attractions arc given by observation, tho coeffi- 
cients of the terms of the series representing them 
may be deduced from a comparison with the data. 

The convorgency is greatest if the magnetic matter 
be disposed towards the cenlre of the sphere, least if 
it reside near its surface. 

Retaiuiug quantities of the fourth order, there arc (90*-) 
twenty-four constants, which, rigorously speaking, 
may ^ deduced from complete observations of the 
three magnetic elements (888) at only eight stations 
anywhere situated on the surface of the globe. With 
great patience and skill, Gauss collected as manyavail- 
ablo data as possible for determining these constants 
with accuracy, and he thence de<liice<i by calculation 
the values of V, those of tho declination, horizontal 
an<l vertical force, and that of the dip for all points 
of the globe. The beautiful charts which he caused 
to be constructed show a remarkable general ac- 
cordance with tho complex facta of magnetism as 
then known. But in many instances more accurate 
data have since been obtained applicablo to the im- 
provement of the empirical theory. Perhaps the 
most surprising fact which Gauss considers to bo 
demonstrated is this, that the average amount of 
magnetic force associated with ci'crv yard of 
the earth’s volume (supposing the distribution uni- 
form) is equal to that contained in six saturated steel 
bars each a pound in weight. 


* Th* Tolamcn of tbeir froro 183fi to 1839. cootsln much intcreM.log infornstion on the hutory of ihU sohjecu 

* Allj4m<i»4 Thitoru dts L'rdmaynftummt. Lelpiig, 1839. 

* Art, 877. Thl» fm»ctl*m V r«pre>enti the intogml J'^, ••trscltop or repelling element, sod f iu 

dUtance fmm the point seted on. Gsom repreeeoti In hi# chert# the Tslnee of the function \ at difTcrent point# of the earth'# 
#urfsce. The lines of equal value# of V are erery where perpendicular to the direcUoo of the needle, and the korisootai inten- 
aity U iovemly u the diataocc between two adjoecot line#. 
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On the whole, it ii no small praise to say that the 
groAt ^meter of Gottingen occupies the same rank 
in the theoretical science of terrestrial magnetism os 
Kepler did in the theory of astronomy. That a per- 
son devoted for the greater part of his life to pursuits 
connected with the most abstract geometry, should 
have at last thrown himself with so much zeal into 
the practical solution of a complicated experimental 
problem, is a circumstance as rare ns it is praise- 
worthy. Gauss lived long enough to sec his methods 
adopted all over the world, and his name honoured 
amongst every civilized people. Gauss died at Got- 
tingen (where he had re«ide<l since 1807), in great 
tranquillity, on the 23d February 1895, in the 78th 
year of his ago. 

But to obtain the data of the empirical theory with 
exactness, it is evident that expeditions Bttcd out ex- 
pressly with accurate apparatus, and directed at once 
to many points of the habitable globe, are indispen- 
sable. Powerful governments can alone effect this ; 
and to Baron Humboldt is due (os has been shown) 
the praise of having vigorously pressed the import- 
ance of these upon the governments of England and 
of Hussia. The vast maVinc resources of the former, 
and the peculiar magnetic interest of the stupendous 
Asiatic territory of the latter, rendered their co- 
operation highly important. In the result. Great 
Britain has accomplished by far the larger share of 
this vast enterprise. 

To Major-General Edward Sabirs, of the Koyal 
Artillery,is mainly due the judicious management of 
these magnetic explorations, and the speedy and skilful 
publication of their interesting results. During the 
course of an active life he has enjoyed opportunities 
of making extensive observation.s with magnetic ap- 
paratus and with the pendulum (238) throughout a 
great range of latitude. His experiments (carried on 
principally between tbe years 1819 and 1826) were 
made in Brazil, the coast of Guinea, Spitzbergen, and 
Arctic America. His observations on magnetic inten- 
sity arc particularly valuable, and first indicatcil the 
position of a region of maximum intensity in North 
America considerably to the south of the magnetic 
pole as indicated by the dipping needle. To him 
wc also owe a valuable Intensity Chart of the Globe, 
and a Magnetic Survey of the British Islands, pub- 
lished in the reports of the British Association for 
1836 and the two following years. 

But his efforts in promoting and directing the 
system of national magnctical research set on foot at 
Baron Humboldt’s instigation arc of still greater 
importance, to which, in its earlier stages, the exer- 
tions of Dr Lloyd (560) were also of essential service. 
Although seconded by young, able, and enthusiastic 
officers of the service to which General Sabine be- 


longs, the difficulty of starting simultaneously sys- 
tematic observatious (with instruments now and little 
understood, and disperscrl to tho widest possible ex- 
tent over the surface of tho globe), was evidently very 
great. Canaria, St Helena, the Cape of G^od Hope, 
and Van Diemen’s Land, wore selected for primary 
stations ; and the vastly voluminous results of hourly 
or two-hourly observations of numerous instruments 
continued year by year came pouring in to the central 
establishment at Woolwich under General Sabine’s 
prosidonej. Besides these, several nautical expedi- 
tions were fitted out for similar purposes, the most 
important of which was sent in 1840 under the direc- 
tion of Sir James Clark Hoss to approach as nearly Cspuin 
as might be to the Antarctic Pole. This voyage, who- ^ 
ther in respect of the spirit of adventure displayed, 
the wonderful character of the natural objects re- 
vealed by ii for the first time to human view, or the 
importance of tho scientific results obtained, may 
rank with any of onr memorable polar ex|>editions. 

By the aid of an ingenious instrument contrived by 
Mr Fox, trustworthy roaguetical observations were 
made on dip and intensity (as well os on declina- 
tion) even in the open sea, and thus the area contri- 
buting to our knowledge of the earth's magnetism 
was vastly increased. The results of these researches 
properly reduced have been gradually laid before tho 
world by General Sabine in a series of memoirs of 
tho utmost interest, contained in the Phiiotophical 
Transaetiont from 1840 to tho present time. 

With reganl to the geographical phenomena of (9U.) 
magnetism, it may now be inferred almost with cer- Ofogra- 
tainty that the position of the Antarctic magnetic pole 
is in a region hitherto inaccessible, and to the south cuttm of 
of Now Holland, placed somewhere near longitude $nt«n«ity. 
150® E., and probably not within 17’ of the pole of 
the earth, a latitude which was reached by Sir James 
Boss in a longitude somewhat farther east.* It ap- 
pears also that in the southern os in the northern 
hemisphere there are two centres of greatest intensity, 
round which the curves of equal intensity form ovals, 
and afterwards loops like Icmniscates. The stronger 
magnetic centres of each hemisphere are near, though 
apparently not coincident with, the two proper mag- 
netic poles. The following uumbers approximately re- 
present on a scale of abnoluU intensity (898), in which 
the grain, the foot, and the second are units, the 
magnetic force ot the fonr centres just mentioned ; 
the second column contains the corresponding values 
on Baron Humboldt’s scale, mentioned in Art. 885. 


In Nortb ABcrlen, • . . 14'2 

Id Sib«rlA 13-3 

South frrim New llotlunc], . 19‘li 
Th« oth«r AnUrctic centre, 14'9 


Ob Scnle. 

... 1‘88 

176 
2-00 
... 1-97 


The absolute intensity at St Helena, which is not far 


* See Gcoend Bnbine'e Charts io PkiL Tront., 1644. 
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from thomiDimum, is H'4. These obserTations also 
fully oonflrm the pro^ssive motion of the whole 
system of magnetic lines on the surface of the 
globe. 

In Europe national, and eren private, obserra- 
torics have contributod largely to our knowledge of 
the laws of magnetism. Among these observatories 
may be mentioned Greenwich, Dublin, Makerstoun 
in Scotland, Munich, Prague, Brussels, St Peters- 
burg, and the numerous other Russian stations. At 
Greenwich and at Kew, near London, the automatic 
registration of magnctical and meteorological instru- 
ments, by means of photography, was introduced by 
Mr Brooke and Mr Ronalds. It would be impossi' 
ble in this place to give even a summary of the re- 
sults obtainetl from these and the Colonial estab- 
lishments. Besides the valuable deductions by 
General Sabine alrea<iy referred to (910), the careful 
analysis of the formal laws of magnetism obtained at 
their respective observatori<a bjM, Lament, M.Kreil, 
and Mr Broun (Sir Thomas M. Brisbane’s observer), 
merit special notice. 

The primary cause of the earth’s magnetism re- 
mains involved in the greatest doubt. That it is due 
to electric currents, and not to permanent magnet- 
ism, is at least probable ; and it is likely that these 


currents may, in part at least, be of a tbcrmo-clcctrie 
character, or the effects may possibly depend upon 
the direct demagnetising influence of temperature, as 
Dr Faraday supposes (830). The secular magnetis 
cliangcs will probably ever remain the most nnac- 
countable. The greater portion of those which are • 
obviously periodic seem to depend upon the |)oeition 
and cfliciency of the sun in its apparent diuma! and 
annual course, having their crises at certain hours of 
the day, and certain seasons of the year. It is un- 
dersto^ that the most recent researches leave little 
doubt as to a like influence arising from the moon's 
|K)sition.^ It appears also to ho indlcatod (although 
the induction U perhaps yet incomplete) that the 
diurnal changes, and also ^ose of a capricious and 
irregular character (magnetic storms), have a perimi 
of greatest and least intensity of fluctuation extending 
to about ten years, a minimum having occurred in 
1843, xmd a maximum in 1848. This nearly coin- 
cides with a period of greatest and least abundance 
of the solar spots detected by M. Schwabc, aud it is 
possible that there is a real connection lietwcen the 
phenomena. The first recognition of a tcn-;^^ar mag- 
netic period appears to be duo to M. Lament, that of 
a probable concurrence wi{h the frequency of solar 
spots to General Sabine. 


^ Wbil« eorrveting tb* pn'W of tbit ptgt. 1 h«v« received *n inttrwtioff p«p«r bj G«D«riil .Skblnt (nui. Trams., 1856), ia 
which the dopendcnco of (b« Ttriout eIein«DU on the rQooo’i diurni^ place It deduced (him a very larg* oumbor of 

obiorvstioaf. The ebsoge of decllnttloo ia the course of the immir day smouau to above S8'‘. 


Addition to Art, 283, 689. 

The following it a rontlouation of the Htt previoo^ly given of tbe amall rUnett:~ 
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TN’ every country where Science and Literature have been long and suc- 

cessfully cultivated, and books extensively multiplied, attempts, more or 
less skilful, have been made to reduce the mass of infonnatiun to a compen- 
dious and regulated form, and to furnish a ready acecss to its varied details 
by means of Encyclopasdias. Of the importance and advantages of such pub- 
lications there can scarcely be two opinions. Executed on a plan suflicicntly 
comprehensive, they ought to embrace all the departments of human learning, 
rendering the Alphabet a ready key, not only to the Arts and Sciences, but 
to the multiplied details of History, Biography, Geography, and Miscellaneous 
Literature. A work thus constructed is not only valuable to the Scholar and 
the man of Science, as a Dictionary of universal reference, but the subjects 
being treated in a form consistent with Systematic Exposition, os well as with 
Alphabetical Arrangement, the book becomes an inestimable treasure to those 
who, although they cannot affonl leisure for very laborious research or pro- 
found investigation, are yet desirous to possess that general information on 
all subjects, which constitutes an intelligent and well-informed man. 

.Vmong books of this class, the E.\CYCLOPiKUi.t Britanxica has long been con- 
spicuously eminent. The publication of Seven Editions, with successive improve- 
ments, aud the sale of ujjwards of Thirty Thousand Copies, afford unequivocal 
proofs of the high estimation in which the work has hitherto been held. 

The Publishers of the Eighth Edition, when they commenced the under- 
taking, were fully aware that extensive alterations were required to accommo- 
date the work to the improved taste and advanced intelligence of the times. 
Arrangements were accordingly made to secure the co-operation of the most 
eminent living Authors, who have contributed Treatises in the various depart- 
ments of Science, Literature, the Arts, Jfanufactures, Commeree, Statistics, 
and General Knowledge, to supersede those of former editions rendered obso- 
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letc by the progress of discovery, improvements in the Arts, or the general 
advancement of society. 

In giving effect to this extensive plan of reconstruction, it has been the lead- 
ing object of its conductors to combine abstract with practical, and solid with 
pleasing information, in such proportions as would be most useful and most accept- 
able to the public — to deliver the truths of Science in the most accurate and in- 
telligible form, and, at the same time, to pay due attention to those branches of 
knowledge, which, though not admitting of a scientific shape, arc yet desciwedly po- 
pular, and have a powcrfid influence on the taste, habits, and character of the indi- 
vidual, — in a word, to render the work at once a Dictionary op Science, a copious 
Abstract of Literature and PiiiisjsoriiY, and a Book or Univers.\l Reference. 

The narrow limits of a Prospectus will admit of only a very imperfect enu- 
meration of the important articles with which the pages of the work are enriched. 
The Publishers will therefore select only some of the loading contents, as evidence 
of the distinguished co-ojieration by which it has been conducted throughout. 

The First Volume forms an introduction to the whole work, and consists of 
Six Di.sscrtations on the Progress of Disco\^ry in the Intellectual and Physical 
Sciences by Stewart, Mackintosh, and Whately; Playfair, Leslie, and Forbes. 
With Sir James Mackintosh’s Dis.sertation is incorporated the able preface by Dr 
Whewell. Four of these Dissertations were contained in the Seventh Edition, but 
those by Archbishop Whately and Professor Forbes arc now added for the first 
time. Though called a “ Dissertation on the Rise, Progress, and Corruptions of 
Christianity,” Dr Whately’s contribution is something more ; it is a review of 
man in a state of nature, and of the difl'erent religions that preceded Christ, as 
well as a treatise on Christianity and its comiptions.* The Dissertation through- 
out is remarkable for a clcanicss of style, and an cose and plenitude of thought 
almost unexampled. Within its limited range, the argument is conducted with 
almost favdtless accuracy, and with a logical precision that may be justly considered 
wonderful. |- Professor Forbes’ Dissertation on the “Progress of Mathematical and 
Physical Science during the Nineteenth Centurj’,” leaves little to be desired, and 
makes the work comjilete as a masterly sketch of the history and present condition of the 
iSciewre*. { It is admirably executed, and it is a matter almost of surjirise that it 
should have been written wdth a union of interest in narrative and clearness in 
scientific exposition altogether unusual. $ 

* S|)cctato7. t Moroizig Chroxiide. I Critic, Juoe 15, 1&53. 3 Goarttian. 
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VOL. II. contains^ — Abebr.\tiox, by George Buchanan, F.R.S.E.; Aciuio-MATIc 
Glas.'SES, Acoustics, ami Aeronautics, by Sir John Leslie ; Admiral and Ad- 
MiRAJ.TY, by Sir John Barrow, Bart., revised by John Barrow, Bmj. of the Admir- 
alty ; Joseph Addison, by William Spalding, A.M., Professor of Logic in the ITniver- 
sity of St Andrews ; ^'Escuylus, by J. S. Blackie, Profes-sor of Greek in the Univer- 
sity of Edinburgh ; .,Etna and Alps, by Robert Jameson, late Professor of Natural 
1 1 istory in the University of Edinburgh ; Afghanistan, by David Buchanan and Ed- 
ward Thornton, of the East India House; Africa, by Augustus Petormann,F.R.G.S. ; 
Agriculture and Aobicultuu.\l Chemistry, by John Wilson, Etidington Mains, 
Berwickshire, and Thoma.s Anderson, M.D., Professor of Chemistry in the Uni- 
versity of Glasgow ; Agr.vrian Laws, by George Ferguson, Professor of Humanity, 
King’s College, Aberdeen ; Ai/iedilv, by William Wallace, LL.D., late Professor 
of Mathematics in the University of Edinburgh ; America, by Charles Maclarcn, 
F.R.S.E. ; An.atomy, by David Craigie, M.D., F.R.S.E. ; also numerous other 
articles, among which may be noted, Abbreviation, Abyssinia, Academy, Algiers. 
Alphabet, Alum. 

“ The second volume of this splendid republication of the Encyclopirdia BrUnnnka, 
being the first volume of the text, is lying before us, and wo arc enabled to ascertain its 
cliaracter in reference to the eidargemcnts which its contonts have undergone under the 
hands of the present editors. The result is in every respect highly satisfactory.’ — John liiiH, 
August C, 1853. 

“ In a certain sense, notwithstanding the words Eighth Edition, the volume may be 
reckoned new in substance wherever discovery or time bos turned up new facta.” — Spectator, 
August 6, 1853. 

“ Ho might say for the Encyclopredia Britaimica, that, iiideiiendently of the articles on 
cotton and cottou manufacturers, it promised to be a work of extraordinary merit ; and in 
looking over tbo first volume the other day, he met with an article on agriculture, which 
WAS really deserving llm uttcntioii of men engaged in manufacturing industry ; and he 
hope 1 it would be carefully perused by gentlemen who felt an interest, not only in agricnl- 
tiiro, but in the trade and commerce of the country generally.” — From Sjreech of Thonwe 
Baxley, Esq., delivered at a Meeting of the Chamber of Commerce, Maachegler, February 10, 
1855. 


VOL. III. contains — Anatomy, by David Craigie, M.D., F.R.S.E. ; Anchor, 
by Jonathan Aylen, Greenwich ; Andes, Angle, &c., by Sir John Leslie ; Angling, 
Anim.\l Kingdom, and ANnfAi.rn.E, by James Wilson, F.R.S.E., Author of various 
works on Natural Histoiy; Annuities, by Joshua Milne; Ant, by P. M. Roget, M.D., 
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F.R.S., Author of the Fifth Bridgewater Treatise ; Antrim and AEiuoii, by 
Henry Senior ; Apparitions, by James Browne, LL.D. ; Aqueduct, by George 
Buchanan, C.E. ; Arabia, by D. Buchanan and W. Plate, LL.D. ; Arch, by Sir 
John Robison, late Professor of Natural Philosophy in the University of Edin- 
burgh, and William Wallace, LL.D. j Arcil«ology, by Daniel Wilson, LL.D. ; 
Architecture, by 'William Hosking, Professor of Arts and Construction, King’s 
College ; Aristotle and Aristotle’s Philosophy, by Renn Dickson Hampden, 
D.D., Bishop of Hereford ; Army, by J. Browne, LL.D., and J. H. Stocqueler ; 
Artillery, by Capt. Spearman and Colonel Portlock ; Arts, by W. Hazlitt and 
W. B. Johnstone, R.S.A. ; Asia, by H. Murray, F.R.S.E., and W. Plate, LL.D. ; 
Ass.vyino, by Robert Mushet, of the Royal Mint ; Astronomy (First Part, the 
remaining portion being in the next volume), by Thos. Galloway, Sir John Playfair, 
and Thos. Henderson, with Supplement by Rev. Robert Main, Royal Observa- 
tory, Greenwich. Also numerous other articles, among which are Archery and 
Arithmetic. 

“The third volume of this noble work begins with ‘Anatomy,’ and ends with ‘Astronomy.’ 
In the former of these treatises we arc shown that we are indeed ‘ fearfully and wonderfully 
made in the latter, we are raised above the things of this earth to the contemplation of the 
marvels of the material universe. The one carries us within ourselves, the other to the farthest 
limits which the eye or the imagination can reach. In the intennediate articles which 
make up this stately volume, there is much that is scientific and profound, with much that 
is intensely interesting to the jiopular reader. The article ‘ Angling' is so genial and full 
of gentle enthusiasm, although abounding in useful details concerning lines, fly-hooks, and 
other mysteries of the angler’s craft, that it would have done the heart of old Isaak Walton 
good to read it. Under the heads ‘ Animal Kingdom’ and ‘ Animalcule,’ wo have a vast 
amount of instructive research and curious speculation. . . . Tho article ‘ Annuities' is 
a very elaborate paper embodying a lucid exposition of the science of probabilities, and full of 
abstruse calculations on a subject of great practical utility. Passing over many excellent 
articles in natural history, biography, &c., wo orrivo at an extremely readable paper on 
‘ Apparitions.’ . . . ‘ Arabia,’ with its wild and wandering tribes, its immense deserts made 
habitable by the extraordinary powers of endurance of the camel, and its wonderful religious 
history, as the birth-country of Mahomet, is very fully and ably described. Then follows a 
singularly interesting article, ‘ Arachnides,’ relating to the spider class of insects. . . . One 
of the most complete treatises in the present volume is the article ‘ Architecture.’ It com- 
prises the masterly account of the science given in tho previous edition of tho EncycJvjxedia, 
together vrith a Siijijilemenl from the same pen, disclosing such farther light as tho author has, 
in the course of his investigations, received since 1830. . . . Passing over ‘ Aristotle’ and 
‘Arithmetic’ — ^both very learned disquisitions — weorrive at a weighty and eloquent cssayundcr 
tho head ‘ Army.’ . . . The information embodied in the treatise before us is very full, and 
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U brought up to the most recent date. Besides its historical digest, the article gives a detailed 
account of all the armies of all the prominent countries of tho world. . . . The article 
' Artillery' which follows is profoimdly scientific, and written in a spirit of high appreciation 
of tho imjiortanco of that arm of the militiuy service. ‘ Arts,' ‘ Asia,’ and ‘ Astronomy’ com- 
plete the larger and more elaborate essays in this bulky quarto. Equal care, however, is 
shown in tho preparation of tho smaller articles, all of which, where necessary, are brought 
up to the present state of information. . . . Tho beautiful series of plates apiKsuded to tliis 
volume are chiefly illustrative of tho articles ‘ Anatomy ’ and ‘ Architecture.’ ” — Glatgow 
Citizen, November 19, 1853. 

“ The various topics arc treated with vigorous and masterly skill, and the information is 
classificil and arranged with such ingenuity and system as to be easy of reference, and ac- 
cessible to the student at tho smallest possihle expenditure of time and trouble." — Morning 
Pont, November, 1853. 


VOL. IV. contains — Athens and Attica, by James Browne, LL.D., revised 
by Dr L. Schmitz, F.R.S.E., Rector of the High School of Edinburgh ; Atmometeb, 
Bakometeu, and Babosietkical Measukements, by Sir John Leslie, with Sup- 
plements ; AT.MOSPIIERE, by Thonuus Thomson, late Professor of Chemistry in the 
University of Gla.sgow ; ATTEBnuBY,by the Right lion. Lord ilacaulay ; Attuac- 
TiON, by James Ivory, F.R.S. ; AuBOR-t Borealis, by Robert Jameson, F.R.S., 
late Professor of Natural History in the University of Edinburgh; Australasia 
and Austr.vlia, by Sir John Barrow, with continuation by Samuel Mossman, 
Author of the “ Gold Field.s of Australia,” &c. ; Austbia, by Emcric Szabad, 
Author of “ Hungary, Past and Present;” Average, by John Warrack, Average 
Stater ; Bacon, by William Spalding, Professor of Logic in the University of St 
Andrews ; Baking, Bleaching, &c., by James Stark, M.D., F.R.S.E. ; B.aillie, 
Babboub, Ballad, Barclay, &c., by David Irving, LL.D. ; Balance of Power 
and BiBLiocR.vruy, by Maevey Napier, late Editor of the Edinburgh Review, 
&c. ; Ballot, Bankruptcy, and Bentiiam, by John Hill Burton, Author 
of the “History of Scotland;” Basket-making, by Sir J, G. Dalycll ; B.ath- 
ING, Becc.aria, &c., by Thomas Young, M.D. ; Bengal, by Edward Thornton, 
East India House ; Be,vuty, by Lord Jeffrey ; Bee, by James Wilson, F.R.S.E. ; 
Beethoven, by George Farquhar Graham ; Belgium ; Sir Charles Bell, by 
Sir John M'Neill ; Bible, by tho Very Rev. John Leo, D.D., Principal of the 
University of Edinburgh ; Bible Societies, by Rev. James Taylor, D.D. ; Black 
Sea, by Lawrence Oliphant, Author of “ The Russian Shores of the Black Sea;” 
Blasting, by David and Thomas Stevenson, Civil Engineers ; Bohemian 
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Brethren, Ijy Jiunes Montgomery, Author of “ Creenlnnd and other Poems;” 
also Bolivia, Babylon, Baptism, Bemouilli, Block-Machinery, Blow])ipe, &c. 

“ This volume opens with Parts II., III., and IV. of the groat treatise on ‘ Astronomy,’ 
embracing the theoretical, physical, and practical departments as distinguished from the 
historical. To Part II. is appended a supplement describing the chief additions which have 
been made to the planetary, cometary, and sidereal branches of the subject. The whole 
treatise has been carefully revised, and embodies all the latest discoveries connected with 
the wondrous architecture of the heavens. The article ‘ Athens’ has licon brought up to 
the present time. We hasten, however, to the l>eautiful memoir of * Atterbnry,’ contributed 
to the present edition by Mr Macaulay. Tlie account of that celebrated polemic in the pre- 
vious issue was a plain matter-of-fact narrative. Mr Macaulay, however, in that style of 
which he is so great a master, interweaves with the facts of his life a certain hrilliant criti- 
cism, enriched by innumerable lights drawn from contemporaneous biography and events. 
Ills account of the controversy botweon Bishop Atterbury and Richard Bentley, relative to 
the letters falsely attributed to the old Greek writer, Phalaris, is a singularly jierspicuous and 
able piece of writing. . . . Passing over the articles ‘ Attica,’ ‘ Attraction,’ and ‘ Aurora 
Borealis,’ we arrive at an admirable account of ‘ Australasia,' followed by a now and must in- 
teresting and instructive i»per on ‘ Australia.’ . . . There arc few in this country who 
have not a personal interest in that rich and hopeful region of the glolie, and who will not 
derive valuable information from this comprehensive survey of its history, condition, and 
l>rospects. . . . The article ‘ Austria’ possesses especial interest as regards the existing 
state of our contuiental relations. . . . The ‘ Balance of Power ’ is likewise an articlo 

which will bo found to throw considerable light on the attitude at present a.ssnmcd by 
Franco and England towards Russia. Commercial men will find the paper on * Bankruptcy,’ 
by Jlr J. II. Burton, very readable and instructive. . . . Lord JcU'rey’s celebratetl essay 
on ‘ Beauty’ appears in this volume, together with a variety of other elaborate jMiiiers. . . . 
Altogether, this is a magnificent volume. On all minor topics, biographical, geographical, 
and scientific, it is much more ample than the previous edition. Some few articles have 
been condensed so as to occupy less space, but many more topics and terms have been in- 
troduced, and as a dictionary of arts, sciences, and general literature, it is in every rcsjicct 
much more complete. The engravings at the end of the present volume are chiefly illus- 
trative of the treatises on ‘Astronomy,’ ‘Attraction,’ ‘Bleaching,’ &c. There ate, liesidcs, 
several admirably executed maps illustrative of the geographical articles.” — Ghegow Cilizat. 

VOL. V. contains — Bombay, Burmah, &c., by Edward Thornton, East India 
House ; Bookbixdixo, by Charles Martel ; Book-keeping, by Joseph Lowe ; 
Borneo and Borng, revised by Augustus Petemianu, F.R.G.S., &c. ; B<itany, by 
John Hutton Balfour, M.D., Professor of Botany in tlie University of Edinburgh ; 
Br-ahmins, by James Browne, LL.D. ; Brass, by Charles Sylvester, C.E. ; Brazil ; 
Breakwater, by Sir John Barrow, Bart., revised by John Barrow, Admiralty; 
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Brewtno, by Jainc-s Stark, M.D., F.R.S.E. ; BmcKJLunNo, by Samuel Holmes, 
Liverpool ; Buiixie, by Thomas Young, il.D., F.R.S. ; Biutain, by James Browne, 
LL.D., with continuation ; Bkuckek, by Sir William Hamilton, Bart. ; BriLiUNO, 
by William Ilosking, Author of “ Architecture B unyan, by the Right Hon. 
Lord Macaulay ; Bukmah, by D. Buchanan and E. Thornton. 

“ The smaller articles seem also to have been revised with cure, and arc remarkable for 
their fulness and general acciuncy. Many new heads have been introduced, or old papers 
replacetl with better from the ablest hands. Among these, we have lieen most struck with 
a delightful short biography of Banyan, which, in a few pages, iirescnts that (pmint old 
worthy to ns os a hreuthiiig figure, in a sketch admirable for its pieturesijue and thoughtful 
treatment, and for those master-touches which bring out the true expression of the man. 
. . . Wo have said enough to direct attention to Mr Mucanlay’s brilliant little sketch, 
and to suggi'st the spirit in which the Ent-yrloji)ml!u must be conducted which has been able 
to provide for its pages matter of such sterling quidity.” — Examiner, May 13, 18o4. 

“ Wo may point to Professor Balfour's article on Botany os a most complete and 
masterly exposition of that interesting science .” — Horning Post, June 7, 1854. 

" The article ‘ Botany,’ for completeness and scientific accuracy, is perha|>s unequalled 
by any similar treatise on the subject in our language. The articles ‘ Brazil,’ ‘ Breakwater,’ 
•Brewing,’ ‘Bridge,’ ‘Britain,’ ‘Building,’ Burmub,’ &c.,, ate worthy of iwrticular study. 
In each of the articles we have mentioned every care has been taken to bring the information 
up to the present state of the subject treated of or described .” — Gtasgow llerald. 

VOL. VI. contains — Bishop Butler, by Henry Rogers, Author of the “Eclipse 
of Faith,’’ &c. ; Burxino-Giasses, by George Buchanan, F.R.S.E. ; C.vlesdab, by 
Thomas Galloway, F.R.S. ; California ; Calvin and Channino, by Rev. W. L. 
Ale.xander, D.D. ; Thomas C.vmpbell, by W. E. Aytoun, Professor of Rhetoric and 
Belles IxiUres in the University of Etlinburgh ; Can.vda, by J. B. Brown, Author 
of “ Views of Canada ;’’ C.\naby Islands, by J. Y. Johnson, Madeira ; Cannon, 
by Colonel Portlock, Woolwich ; Capillary Action, by Jamc.s Ivory, F.R.S. ; 
Caktilvoe, by James Browne, LL.D., and Dr Schmitz ; Carpentry and Chro- 
matics, by Thomas Young, M.D. ; Cavan and Cl.are, by Henry Senior; Centre, 
by Sir John Robison, late Professor of Natural Philosophy in the University of 
Edinburgh ; Ceylon, by J. Capper, Ceylonese Commissioner to the Great E.xhibi- 
tion of 1851; Thomas Cilvljiers, by Rev. William Hanna, LL.D.; Ciiejustry, 
by William Gregory, Professor of Chemistry in the University of Edinburgh ; 
Chess, by James Donaldson ; Chili, by Charles Bertram Black (Santiago) ; China, 
by Sir John Barrow ; Chivalry, by Sir Walter Scott, Bart. ; Chloroform, by 
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•T. Y. Simpson, M.D., Professor of Midwifery in the University of Edinburgii ; 
Chronology ; Cmn L.\w, by David In'ing, LL.D. ; Climate, by Sir John Leslie. 

“ MTicn wo last drew the attention of our readers to the reissno of this great work, we cx- 
prcs5c<l a confident hope that the remaining volumes would not degenerate from the care 
and litierality which had so remarkably distinguished the publication of the two first vo- 
lumes. It is a pleasure to be able to say, that, up to the conclusion of tho six which are now 
before us, they have more than fulfilled our expectations. The work is thoroughly well 
done, as far as it has gone at present •, no pains have been spared to make it complete and 
satisfactory ; and in all those matters for which we specially want a Cyclopmdia it is now as 
complete a work os we can ever hope to get. In practical, scientific, and philosophical sub- 
jects it i.s especially strong. Such articles, for example, as those on ‘ Candles,' ‘ Bridges,’ 
‘ Bishop Butler,’ and ‘ Campbell ’ (the poet) leave but little to be desired. Wo have read those 
wo have named with attention, and they are very good. . . . Some of the geographical 
papers, such as those on ’ Asia,' ‘ Clare,’ ‘ Chili,’ ' Canada,’ and the ' Caspian Sea,' have also 
struck us as very well executed. . . . But we cannot speak too highly of tho liberal spirit 
which has sought to retain the services of tho most celebrated men of letters of tho day, to 
make this CyclopuMlia a standard of authority on all the subjects which are treated with any- 
thing like fulness or elaboration. On purely scientific subjects we arc less qualified to speak, 
but We imagine such a treatise as that on ' Cliloroform,’ in the sixth volume, to bo as com- 
pb te ns an article in a book of reference cither can or need be. We must not, of course, be 
nnderstootl to assent to all tho statements, or agree to all tho criticisms in this great book ; but 
we repeat what we sai<l at the beginning, that on the whole, as far as it has gone, it appears 
to us the best Cyelopa'dia for general use. . . . The price is very moderate." — Ovordian. 

" We have more than once expressed our opinion as to tho merits of this maguifleent 
national work, which is now in course of rcpublication at a price which, oven in these times 
of cheap literature, is perfectly marvellous. Independently of being a book of universal re- 
ference, articles aro to lie met with in it, which, in jwint of style, beauty of illustration, and 
the undoubted and unassailable character of the facts, arc not excelled throughout tho wide 
range of British literature. Such, for instance, are Sir Walter Scott's brilh’ant essay on 
‘Chivalry,’ and tho comprehensive and most able paper on ‘Chemistry’ in the volume now be- 
fore us. In the biographical de]iartment there arc excellent sketches of the lives of Burns, 
‘Byron,’ ‘Canning,’ tho ‘Empress Catherine,’ ‘Chalmers,’ ‘Chaucer,’ ‘Cicero,’ and, in addition, 
a whole host of minor celebrities. The descriptive or liistorical subjects, under the heads 
‘t.'alifomia,’ ‘Canada,’ ‘Carolina, ‘Carthage,’ ‘Caucasus,”Ccylon, ‘Chili,’ and ‘China,’ arc most 
ably handled ; and, indeed, we have not anywhere met with a more graphic and readable 
sketch of tho ‘ Celestial Empire,’ than that presented in tho sixth volume. The article on 
‘ Christianity’ is one which even theologians may read with instruction ; and, irrespective of 
the instruction they supply, the numerous miscellaneous articles aflbrd light reading of the 
most agreeable kind. The paper on ‘ Chronology’ gives us not only an excellent account of 
the various eras by which time has been computed throughout the world, but also a chrono- 
logical table, combining remarkable events, from tho most remote period of antiquity down 
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to tbo (loclaration of war against Rnssia in tho spring of tlio present year. When requisite, 
the various subjects, especially those referring to countries, arts, and manufactures, are illus- 
trated by maps and diagrams, executed in the very first style of tho art ,” — Glasyow llcralil. 

VOL. V'll. contains — Cixick and iVATCii Work, by Edmund Beckett Denison, 
M.A., Q.C. ; Cohesion, by Thomas Young, M.D., F.R.S. ; CoiN.tOE, by Robert 
Mushet, of the Royal Mint; Cold and Dew, by Sir John Le.slic, late Pi-ofessor of 
Natural Philosophy in the Cniverelly of Edinburgh; Collision, Combination, 
Corn-Laws, Corn-Trade, and Cottage System, by J. R. M‘CuUoch ; Colliery, 
by William Alexander, Mining Engineer, Glasgow ; Colony, by James .Mill ; 
Colour-Blindness, by George Wilson, M.D., F.R.S.E. ; Comet, by Tliomas 
Galloway, F.R.S. ; Communism and CottPOR.iTioN, by J. 11. Burton; Conic Sec- 
tions, by William Wallace, LL.D., late Profc.s.sor of Mathematics in the University 
of Edinburgh; Construction, by William llosking. Author of “Architecture;” 
Constantinople, by Edward Sang, late Professor of Mechanical Philosopliy in tho 
Imperial School, Constantinople ; Copper Smelting, by James Napier, Glasgow ; 
Cork County, by Henry Senior; Cotton Manufacture, revised by Thomas Bazley, 
Chainnan of the Chamber of Commerce, Manchester; CotvpF.n, by A. Smith, Author 
of “A Life Drama, &c. ;” Crimea, by James Laurie ; Crusades, Cuvier, Danton, 
and Defoe, by James Browne, LL.D. ; Crustacea, by John Fleming, D.D., Pro- 
fessor of Natural Science, New College, Edinburgh ; Cunninoilvm, D.u,rymple, 
and Dempster, by David Irving, LL.D. ; Dairy, by John Wilson, Author of 
“ Agriculture ;" Deaf and Dumb, by P. JI. Roget, M.D., F.R.S. ; Demosthenes, 
by William Spalding, SLA., Professor of Logic and Metaphysics in the University 
of St Andrews ; Denmark, by Emoric Szabad, Author of the Article “ Austria ;” 
Dialling, by Henry Meiklc, C.E. ; also other articles, among which are Commerce, 
Constantinopolitan History, Copyright, Crystallization, Deluge, &c. 

“ Turning over the ample pages of tho volume wo come at ouco upon an elaborate paper 
on ‘ Clock and Watch AVork,’ profusely illustrated with diagrams. The subject is treated 
of very fully, ajid contains a vast amount of information, including an interesting chapter 
on electrical clocks and dials. In a brief memoir of the luto Lord Cockburu, allusion is 
made to the fact of his having, by his ‘ Life of Lord Jcil'rcy,’ gained celebrity as an author 
after he was seventy years of ago. . . . Passing over a learned treatise on the abstruse subject 
of ‘ Coliosion,’ we meet with a singularly able and comprehensive article on ' Coin.ige.’ In 
addition to an ample historical review of tho subject, a minute and detailed description is 
given of the actual process of coining, and of everything connected with tbo Mint. . . . Tlie 
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|Hwtical reailer will linger over the pleasant memoir of ‘ Coleridge while readers of a more 
practical turn will pass on to the admirable article ‘ Colliery.’ In the latter, the whole busy 
subterranean world, so dark in itself, yet so invaluable as supplying the elements both of light 
and heat to the world above ground, is laid open to the wonder of the uninitiated. . . . The im- 
portant subject of ‘ Colony' is handled in a masterly manner, through the republication of 
the celebrated treatise of the Into Mr James Mill, supplemented, and brought up to the pre- 
sent time, by a hand which wo recognise a.s that of our friend Mr John Hill Burton, advocate, 
one of our soundest ]>olitico-cconomical writers. ' Combination,’ from tho distingiished pen 
of Mr J. U. M’Culloch, cmljodies a wholesome argument against workmen’s ‘ strikes.' After 
an erudite article on ‘ Comets,’ wo reach a paper on ‘ Commerce,’ which may l>c read witli 
gnat advantage in this time of war. The subject of commercial fluctuations is very intelli- 
gently explained, and the true principles of trade are discussed in a philosophical spirit. 

‘ Communism’ is shown up in capital style by Mr Burton, and the dreams of Fourier, Louis 
Blanc, and Kobert Owen, are dissipated into thin air. . . . Jumping over the profound treatise 
on ‘ Conic Sections,’ which, however valuable to tho student of geometrical science, has an 
alarming appearance to ordinary readers, we find a variety of articles of marked ability and 
interest ." — Glasgoio Cilizfit. 

“ The 'Cotton Manufacture’ is handled with great felicity and precision, and tho article 
on the ‘ Corn Laws and Com Trade’ abounds in facts of tho most interesting kind.” — Glasgow 
Hsrald. 

“ In every instance we observe that scrupulous care has liecn taken to bring the infor- 
mation down to tho latest period. Tho value of this edition is also increased by the attention 
which has been paid to tho minor titles.” — Morning Post. 

VOL. VIII. contains — DipwstAcy and Entail, by John Hill Burton ; Dlstiixa- 
TioN, by James Stark, M.D., P.R.S.E. ; DmNO and Dutno-Bell, by George 
Biicbannn, F.R.S.E. ; Dock and Dock-Yaud, by Sir John Barrow, Bart., revised 
by John BaiTow of the Admiralty ; Doli,ond, Dolojheu, and Duha.mel, by 
Thomas Young, M.D., F.R.S. ; Donegal, Dowtv, and Dublln, by Henry Senior ; 
Drainage of Towns and Lands, by W. Hosking, Author of “ Architecture,” &c., 
and J. Wilson, Author of “ Agriculture,” &c. ; Drajia, by Sir Walter Scott, Bart. ; 
Drawing and Engraving, by W. II. Lizars ; Dry Rot, by Sir John Barrow, Bart. ; 
Dumont, Lord Duncan, &c., by James Browne, LL.D. ; Willum Dunbar, and 
English Language, by David Irving, LL.D. ; Dyeing (Calico-Printing), by F. 
Grace Calvert, Professor of Chcmisliy', Royal Institution, Manchester ; Dynamics, 
by Sir John Robison, late Professor of Natural Philosopl^ in the University of 
Edinburgh ; Econoxhsts, by James Mill ; Egypt, by R. Stuart Poole, of the De- 
partment of Antiquities, British Museum ; Electricity, by Sir David Brewster, 
K.H., M.A., D.C.L., &c. ; Embankment, by J. C. Loudon ; Emigration, by J. R. 
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M'Cullocli, Author of “ Commercial Dictionary,” &c. ; Engl.vnd, by James Browne, 
LL.D., with Continuation. 

“The prcsont Tolnmc ini-ludcs the titles from ‘Diamond’ to ‘Entail;’ and Sir David 
Brcwstei's ‘ Essay on Electricity’ is alone sufScient to stamp the volume as one of no ordi- 
nary value. The comjtarative merit of particular contributions is, however, of less impor- 
tance than the general eflicioncy with which the whole design of such a publication is car- 
ried out " — Moming Poal. 

“ In every part of the work thoro are evident traces of revision and enlargement, in 
order to bring up its contents to tho latest date and to the level of the progress made in 
every dci)nrtment of art and knowledge. Among the numerous articles comprised within 
the present volume, those w'hich have more particularly attracted our notice are a treatise on 
‘Distillation’ by Dr Stark; an elaborate account of the processes of 'Dyeingand Calico-Printing' 
from tho j>cn of Professor Calvert ; two papers on the important subject of Drainage, on ‘Land- 
Drainage’ by Mr J. Wilson, and on ‘Town-Drainage’ by Mr Hosking; articles on the Geogra- 
phy, the Histuiy, and Statistics of England and of Egypt ; and two extensive scientific 
essays of high value, one on ‘Dynamics' by Professor Robison, tho other on ‘Electricity’ by 
Sir David Brewster. The last-named essay, more especially, is distinguished by the pro- 
found and comprehensive maimer in which its able writer has treated this deeply interesting 
and daily progressing science.” — John Bull. 

" The prcsont volume contains thirty large quarto engraved plates, making a total of 
232 of such in the eight volumes that have been issued of the present series, affording alone 
ample ovideuco of the care and industry, and tho capital and skill, that have been exi>eudcd 
on this reissue of the Enci/clojxmlia.’' — Clerical Journal. 

VOL. IX. contains — Entomoiawy, Fisheries, and Edward Forbes, by .lames 
Wilson, F.B.S.E. ; Ephiuem Syrus, by Rev. Henry Burgess, LL.D. ; Episcopacy', 
by Rev. George Gleig, D.D. ; Eilvsmus and Feudal Law, by David Irving, LL.D. ; 
Equations, by James Ivory, F.R.S. ; Ethnoumiy', by R. G. Latham, M!A., M.D. ; 
Etruscans, Eugene, Fenelon, &c., by James Browne, LL.D. ; Europe, by Charles 
Maclarcn, F.R.S.E., and Jame.s Laurie ; Ey'IL, by Rev. W. L. Alexander, D.D. ; 
ExAYriNATioNs, by J. F. Maclennan; Exchange, Exchequer Bills, and Excise, by 
J. R. M'Culloch ; Extrejie Unction, Fathers, Federal Goy'ernjient, &c., by 
Rev. J. Taylor, D.D. ; F,yble and Faixacy, by William Spalding, A.M., Professor 
of Logic in the University of St Andrews ; Falconer, Farquhar, and F.yirfax, 
by Robert Carruthers •„ Fashion, by Dr Doran, Author of “ Habits and Men,” &c. ; 
Fermanagh, by Henry Senior ; Fezzan, revised by Augustus Petermami ; Fichte, 
by John Colquhoun, F.R..S.E. ; Fifeshire and Forth, by Thomas Barclay ; Figure 
of the Earth, by Thomas Galloway, F.R.S. ; Filter, by George Buchanan, 
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P.R.S.E. ; Fi-intsiiike, by John Girdwood ; Fixibida, by J. Smith Homans, New 
York ; Flexions, by William Wallace, LL.D. ; Fontana, Fo.steb, and Fourckoy, 
by Thomas Young, M.D. ; Food, by Thomas Liiidley Kemp, JI.D. ; Fokfab, by 
James Cowie ; Fortific.ation, by Colonel Portlock, Woolwich ; Foster, by J. E. 
Ryland, M.A. ; C. J. Fox, by John Allen. 

" The volume opoiis with a maguiflecut treatise on ‘ Entomology,’ from the pen of James 
Wilson, F.R.S.E. When we state that it extends to upwanls of 2C0 quarto jmges, our 
readers will excuse us from attempting to do justice to it in such brief space as we can com- 
mand. The subject, however, is a large one, and no intelligent [Kirson who reads this ela- 
borate and deeply interesting pai>cr will consider that it has been treated at too great length. 
Indeed, the learned author apologizes for its brevity. ‘ We have somewhere seen it stated,' 
he says, ‘ that there were two kinds of beetles, the black and tho brown. Naturalists are 
now acijuaiuted with not less th in 35,000 insects of that order. Above 12,000 different 
sorts of butterflies and moths have been collected ; and in Rritaiu alone, though with some- 
what of a cold and cloudy clime, wo have about 2000 species of the Lepidoptorous order. 
Several of the other groat ordinal divisions contain an equal number of component members, 
so that the entire amount of insects now described by naturalists may bo safely computed as 
above 72,000. If wo were to devote,’ ho argues, ‘a page a-picce to these (and we have no 
desire to doubt that each deserves it), then we should require to occupy about four times 
tho contents of the present £ncycln]xeilia, to tho entire exclusion of all other subjects, 
which would be inconsistent with the object of this great work.’ . . . Although not prepared, 
however, for any such overwhelming ‘ plague of flies’ as that hinted at, wo are in truth 
most heartily reconciled to the rather more than 2G0 pages which Mr Wilson has monopolized 
for tho elucidation of his wondroiqi theme. No science has had more devoted and delighted 
followers than that of entomology, and wo are much mistaken if this brilliant treatise do 
not add to the number of its votaries. ... To this volume Mr Wilson likew ise contributes the 
article * Fisheries.’ It extends to 60 pages, and, like the treatise on ‘Entomology,’ is singularly 

elaborate and complete As a matter of course, the salmon flsherios occupy tho first 

phice, and are discussed in all their bearings, natural, legal, and rommcrcial ." — Glaggote 
Ciliseu, Novomlier 3, 1855. 

“ To these we have to add an article of high interest on ‘Ethnology,’ from the pen of Dr 
R. G. Latham, who may bo regarded as tho creator of this science. In tho dojiartment of 
geography we have, besides an elaliorato jiaiier on tho figure of the earth, a well-digested 
article on Europe, accompanied by a neatly executed map. Mathematics claim a large share 
in this volume ; besides the article on ‘Mathematical’ Geography already noticed, andariehly 
illustrated essay on ‘Fortifications,’ which brings down tho subject to tho evacuation of tho 
south side of Sebastopol, we have articles on ‘ Epiations’ and ‘ Flijxions,’ the latter prefaced 
by a history of the fluxional calculus, including the controversy respecting tho conflicting 
claims of Newton and Ixsibnitz. The theological department. Likewise, has received much 
attention, and among others a pajier on ‘ Episcop.'icy,' from the pen of the Right Rev. Dr 
Qlcig, presents an exceeding fair and conclusive statement of the argument for and against 
Apostolic Episcopacy .’ — Jokn SuU, November 3, 1855. 
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“In it igjMirticularly rich. . . . The misccllnncoufi articles are exceedingly at- 
tractive, and each of them will reword the general reader who may care nothing for science 
and graver ti)i)ic8. . . . Ur Doran, whose gos-sipingliooks have achieved so great a popularity, 
has discoursed in his own peculiar fashion, or we should rather say chatted, aluiut ‘ Fashion 
and Dr Kemp is the author of the very instructive and interesting article on ‘ Food,’ which 
should Iw read by everybody.” — Critic, ISo-'i. 

“ Dr Latham has supplied an article on ‘ Ethnology,’ which places the reader in full pos- 
session of the existing state of knowledge uj)on that subject. No man, indeed, could bo bet- 
ter qualified for that office, for bis own researches have done much to dignify this now 
branch of knowledge with the eharactor of a science, and ho has spared no pains to describe 
its various departments, and the progress which has been made in each, clearly and 
thoroughly, though concisely.” — Morning rout. 

“ An article on ' Fortification,’ by Lieut.-Colonel Portlock, Woolwich, will be read with 
s|iccial interest at a time when the thunder of Sebastopol is still ringing in our ears. The 
author gives a lucid description of the systems of fortification, both ancient and modem, 
details, by way of example, the celebrated sieges of Dantzic in 1807, and of Antwerp in 
1832, and affords biographical sketches of some of the most eminent military engineers of 
the Napoleonic era .” — Glanguw Herald, Novemlier 14, 1855, 

VOL. X. contains — Fiuvnce, by A. V. Eirwan, oflhe Middle Temple, Uarrister 
at Law ; Bexj.uiin Fh.\nki.in, by Alexander Nicholson ; Sir John Fk.\nki.in, by 
Sir John Richardson ; Fuel and G.ts Light, by Charles Tomlinson, Editor of 
“ Cycloprcdia of Useful Art.s,” &c. ; Akdkew Fuller, by J. E. Ryland, M. A. ; 
Funding System, by D. Ricardo, supplemented by J. L. Ricardo, M.P. ; Furnace, 
by George Buchanan, F.R.S.E. ; G.U.ILEO, by Jtuncs Browne, LL.D. ; G.tLWAY, by 
Henry Senior ; Ganges, by Edward Thornton, India House ; Gassendi and 
Gibron, by Henry Rogers, Author of the “ Eclipse of Faith,” &c. ; Geography, by 
Rev. John Wallace, D.D. ; Geometry, by William Wallace, LL.D. and Rev. P. 
Kclland, M.A., Professor of Mathematics in the University of Edmburgh ; Ger- 
many, by W. Jacob, revised by James Laurie ; Glacier and Fiiesnel, by J. D. 
Forbes, Professor of Natural Philosophy in the University of Edinburgli ; Glasgow, 
by John Strang, LL.D.; Gmuss, by .Tames Ballantyne; Gnosticism, by John 
Tulloch, D.D., Primarius Professor of Divinity, St Andrews ; Goethe, by Tliomas 
do Quinccy ; Goldsmith, by the Right Hon. Lord Macaulay ; Cape of Good Hope, 
by Sir B. C. Pine, late I^cutemmt-Govcmor of Natal ; Gotajla Buddha, by Rev. R. 
Spence Hardy, Hon. M.R.A.S., Author of “ Eastern Monaebism,” &c. j Goths, by 
Leonard Scluuitz, LL.D. ; Government, by P. E. Dove, Author of the “ History of 
Human Progression,” &c. ; Grammar, by Dr Doig, revised by W. Spalding, Pro- 
fessor of Logic in the Universit)' of St Andrews. 
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“ Evcrj' part of the volume beans cviJenco of careful supervision ami judicious arrangc- 
meut, while the additions show au endeavour to keep abreast of the advancing science and 
knowledge of the times. More than ever will the Encgchjxrdta Britannica maintain its 
present place among this class of publications as a standard book of universal reference.” — 
Litrrary liazetU, March 15, ISoti. 

V^OL. XL contains — Giuy, IIeurick, and Hogg, by Robert Canuthers ; 
Greece, by Cliarlcs Maclaren, F.R.S.E., revised ; Gbeek Cucech, by W. M. 
Uetberington, D.D., LL.D. ; Gregory of X.velvnzum, by John Tulloch, D.D. ; 
Gregory (Dr J.vmes), by W. P. Almon, .M.D. ; Guinea and IIoussa, by Augustus 
Petermann, F.R.G.S., &c. ; Gun-Cotton, Guntowdeu, Gutta Percua, and Hat- 
Making, by Charles Tomlinson ; Guxmakino, by P. E. Dove ; Gunnery, by Colonel 
Portlock ; Robert Hall, by Henry Rogers ; Harbours, by Thomas Stevenson, 
C.E. ; C. J. Harr, by W. L. Ale.xander, D.D. ; Hvrvky, by Thomas Laycock, M.D., 
Professor of the Practice of Physic in the University of Edinburgh ; Heat, by T. 
S. Traill, M.D., Professor of Medical Jurisprudence in the University of Edinburgh ; 
Helminthology, by Janies Wilson, F.R.S.E. ; He.mp, by T. C. Archer, Author of 
“ Popular Economic Botany,” &c. ; Heraldry, by T. W. King, York Herald, 
Herald’s College ; Heyne, by Sir William Hamilton, Bart. ; Hieroglyphics, by 
R. S. Poole, M.R.S.L., &c. ; Hlmai..\ya MouNTAnfs, by Joseph D. Hooker, M.D., 
F.R.S. ; HintiusTjVN, revised by Edward Thornton, India House ; History, by 
David JIasson, jM.A., Professor of English Literature, University College ; IIoL- 
L.AND, lovised by the Rev. James Ingram, M.A. j Homer, by John S. Blackie, 
Professor of Greek in the University of Edinburgh ; lIoMCEOPATin’, by W. T. 
Gairdncr, M.D. ; Thomas Hood, by RiehanI Monckton Milnea ; lIomtCE, by 
Theodore Martin ; Horse, Hoksbalansuip, and Hound, by Charles Apperley (“ Nim- 
rod”)— Revised by W. II. Langley, Editorof “ Bell’s Life in london Horticul- 
ture, by Charles Macintosh, Author of the “ Book of the Garden John 
Howard, by Hepworth Dixon; Royal Household, by Samuel Redgrave. 

“ Some articles arc new, many are re-written, and nearly all are improved. We are 
glad to find that the remarks of critics have been received by editors and publishers in a 
right spirit ; and that this great work of republieation, all things cunsidered, the most notable 
of our time, increases in care and utility as it proceeds.” — AtJienaum, August 30, 1856. 

VOL. XII. contains — Davhd Hume, by Henry Rogers, Author of the 
“ Eclipse of Faith,” &c. ; IIukoary, by Emeric Szabad, late Secretary under the 
Hungarian National Government of 1849 ; John and William Hunter, and 
Jenner, by Thomas Laycock, M.D., Professor of the Practice of Medicine in the 
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University of EdinbnrRh ; IIuxtixo, by Charles Apporley (“ Xinmxl”) — Revised by 
W. II. Langley, Editor of “ Bell’s Life in London IlvDRODY'N’Ajrirs, by Sir David 
Brewster, K.IL, LL.D. ; Hy patia and lAstnucHf.s, by the Rev. Charles Kingsley, 
Author of “ Westward Ho,” &c. ; Iceland, by Robert Allan, revised by 
Robert Chambers ; Ichthyology, by Sir John Richardson, K.B., &c. ; Fos.sil 
I niTHY'OLOOV, by T. S. Traill, M.D., Professor of Medical Jurisprudeneo in the 
University of Edinburgh ; Life Insuilynce, by W. T. Thom.son, Manager of 
the Standai-d Life Insurance Company ; Fire IxsrRANCE, by F. G. Smith, 
Se<rretary of the Scottisli Union Fire and Life Insurance Company ; Marlve 
I xsuHANX'E, by John Warrack ; Interest, by J. R. M'Culloch ; Ionian Isl-ynds, 
by William Blair, late Member of the Supreme Council of Justice of the Ionian 
Islitnds, and Author of “ Inquiry into Slavery amongst the Romans Ireland 
(History), by Rev. E. Groves, (Statistics) by Henry Senior ; Iron, by Wil- 
liam Fairbaim, F.R.S., F.G.S., &c.; Iron Bridoes, by Robert Stephenson, 
M.P., President of the Institution of Civil Engineers ; Irrigation, by James 
Caird, Author of “English Agriculture in 1850-51;” Italy, by • • •; 

Jamaica, by Stephen Cave ; Japan and Java, by John Crawfurd, F.R.S., 
Author of “A Descriptive Dictionary of the Indian Islands;” Jesuitism, by 
Isaac Taylor, Author of the “Natural History of Enthusiasm,” &c. ; Jesus 
and Jews, by the Rev. David Welsh, D.D., late Professor of Ecclesiastical 
History in the University of Edinburgh, revised ; SivYiUEL Johnson, by the Right 
Hon. Lord Macaulay ; Joinery, by Thomas Tredgold, C.E., revised by Arthur 
Asphitel. 

“ This great work is slowly, but now, we believe, steadily advancing, llapidity, or i-veii 
certainty, in the delivery of the volumes is not to Ire expected in the case of a work so large 
and expitnsive, and in which writers of such eminence are engaged ; and Messrs Black Lave 
met a complaint of want of punctuality in delivery by the irresistible answer that great 
writers cannot and will not be tied to time. On the whole it is well done ; some of it ad- 
iiiirahly, as, for example, the life of ‘ Hume,’ by Mr Rogers, and that of Dr Johnson, by Mr 
Macaulay, and the articles on ‘Jamaica’ and ‘ Japan,’ in tliis volume.” — Guardian. 

VOL. XIII. contains — Kafrauu, by Sir Benjamin Pine; Kant, by the Rev. 
John Cainis, M.A. ; Kahs, revised by Dr Sandwith, K.B. ; Knights, Knighthood, 
Livery, and Loukalne, by Dr Doran ; Lybiuiwr and Lapuynd, revised by Augustus 
Petennann, F.R.G.S., &c. ; Lagrange aud Lalande, by Thomas Young, M.D. ; 
Lanou.yob, revised by R. G. Latham, M.A., .M.D., &c. ; Layy', by J. F. M‘Lennnu, 
M.A., Advocate ; Layv of Nations and Liberty of the Press, by James Mill ; Le yx>. 
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Leathek, and Life Pheservees, by Charles Tomlinson ; Letkost, by J. Y. Simpson, 
M.U., Professor of Midwifery in the University of Edinburgh ; Libkaries, by 
Edward Edwards, Free Library, Manchester ; Light, by T. S. Traill, M.D., Pro- 
fessor of Medical Jurisprudence in the University of Edinburgh; Lighthouses, 
by Alan Stevenson, C.E. ; Lock, by E. B. Denison, M.A., Q.C. ; Logic, by William 
Spalding, M.A., Professor of Logic and Metaphysics in the University of St 
Andrews; Lombabds and Lombaedy, by the Author of the Article “Italy;” 
London, revised by II. G. Reid ; Lutuek, by C. C. J. Bunsen, D.D., D.C.L., 
D.Ph., &c.; M.iDAGASC.VB, by the Rev. W. Ellis, Authorof “Polynesian Researches,” 
&c.; JIadeiba, by J. Y. Johnson, Author of a “ Handbook for Madeira.” 

" So numerous and important arc the improvements and additions in the new edition of 
this famous Encyclopmlia, that as to many of the most essential parts of it we may consider 
it a new work. In the volume now before us there is a most careful and interesting article 
on ‘Public Libraries,' by Mr Edward Edwards of tbc Free Library at Manchester, which 
brings their history iomi to the recent opening of tho great Reading Room at the Rritisb 
Museum, and which contains very much information that deserves to Ire extensively diifused. 
We should be glad to see Mr Edwards’ articles on ‘ Libraries and the History of Libraries,’ re- 
printed, in a little volume, like that which contains a republication of Professor Spalding’s 
treatise on ‘ Logic,’ also inclndcd in the thirteenth volume of the Encydoixmlia. Tlie essay 
on ' Language’ is by Dr Young and Dr Lalhani, that on ‘ Luther’ by tho Chevalier Runson. 
Tho volume ^mprises also full and excellent accounts of London and of Liverpool, and an 
article on ‘Life Preservers’ by Dr Young and Charles Tomlinson, in which due attention is paid 
to the latest suggestions for the rescue of the crews in the case of shipwreck. In the shorter 
articles, to which attention is less drawn, wo find ample evidence that tho reviser's band has 
been at work for tbc removal of all obsolete doctrine, and the introduction of the latest 
knowledge, and the most recent opinions that have made good their place in science and 
philosophy." — Examiner. 

“ Wo notice with pleasure tho increased care bestowed on the new edition of this stand- 
ard Encyclojxtdia. Many articles in the thirteenth volume excite attention by the new 
lights they throw on old subjects, or by the power of writing, or of illustration. We may 
mention, as examples, the papers on ‘Logic, ’by Mr Spalding; on ‘ Liberty of the Press, 'by Mr 
James Mill ; on ‘ Libraries,’ by Mr E. Edwards, and many others. Among the other chief ar- 
ticles of interest we notice ‘ Kafraria,’ by Sir B. Pino ; ‘ Leprosy,’ by Dr Simpson ; ‘ Language,' 
rovrised by Dr Latham ; and ‘ Lock,’ by Mr E. B. Denison. Dr Doran contributes two or throe 
articles, one of which on ‘ Knights and Knighthood’ is an excellent specimen of his humour. 
The article on ‘ Logic’ is full of new matter, and is worth notice. But as wo see it announced 
for separate publication, we may reserve discussion of its facts and arguments for another 
day .” — A theneeum. 

YOL. XIV. contains — Magnetism, MiciioMETEit, nnd Mickoscope, by Sir David 
Brewster, K.H., &c. ; Masimallv, by James Wilson, Author of the Article “Ento- 
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mology,” &c. ; M.^chestek, by Thomas Bazley, Chainnan of the Chamber of Com- 
merce, Manchester ; Maniifactgbes, by J. R. M‘Culloch; Mechamcs, by W. J. M. 
Rankinc, Professor of Civil Engineering and Mechanics in the University of Glas- 
gow; Mehical Jciusprudence, by T. S. Traill, M.D., Professor of Medical Juris- 
prudence in the University of Edinburgh ; Medicine, by Thomas Laycock, M.D., 
Professor of the Practice of Physic in the University of Edinburgh ; Menscration, 
by William Swan, Lecturer on Mathematics and Natural Philosojdiy ; ilENTAL 
Diseases, by David Skac, M.D., Physician to the Royal Edinburgh Asylum ; 
Metaphysics, by Rev. H. L. Mansel, Reader in Monil and Metaphysical Philosophy, 
Magdalen College, Oxford; Meteoeoloov, by Sir John F. W. Herschel, Bart., 
K.H., M.A., D.C.L., &c. 

“ Tlio new volume of this valuable periodical contains many articles of the greatest in- 
terest by eminent men ; and the information they contain is uniformly brought down to the 
latest date. One of the most important articles of the present numljor is that by Mr Jlac- 
culloch on ‘ Manufactures,’ which will bo read with the greatest interest and benefit. The 
article on ‘ Magnetism,’ by Sir David Brewster ; on ‘ Manchester,’ by Mr Bazley, the Chair- 
man of the Chaml>cr of Commerce ; on ‘ Metaphysics,’ by the Rev. U. L. Mansell, of Mag- 
dalen College, Oxford ; and on ' Meteorology,’ by Sir John Herschel, — are all very elaborate 
and valuable.” — The Economul. 

This list is to be understood as including only the more prominent articles, 
the number of shorter contributions being much too large to be embraced by an 
ordinary Prospectus. Of these articles, by far the greater number are entirely 
now, and the remainder have been recast, modified, and improved, so as to adapt 
them to the actual state of knowledge, and the general design of the work. 

THE GENERAL INDEX — which is now in preparation, and will be published 
as soon as the work is complete — is intended, not merely to facilitate reference, but 
to serve the important purpose of bringing into view, and directing the inquirer to 
the miscellaneous information scattered throughout the work. In this way much 
information upon various topics not indicated under specific heads will be found 
in these treatises ; and it is obviously of the greatest importance that those making 
inquiries regarding such topics should be enabled to turn at once to the places in 
which the scattered information may bo found. Besides tliis, however, there arc 
many other subjects which do not occur under distinct alphabetical heads at all, 
but which, notwithstanding, are fully explained and discussed in the General 
Treatises. The utility of a key of this description to a digest of knowledge so 
varied and comprehensive, wiU be acknowledged by all who have ever had occa- 
sion to consult books of reference. 
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ing rolU, whoro the required form and size is giren to it« 
either round or square bam, dec. These are straightened 
and cut to the required sizes, and are then readj for 
delirery. In most large works all these operatioas are 
carried on simultaneously with the smelling process, and 
in some with extensive mining operations for procuring 
the coal, ore, and limestone required to supply a pro- 
duction of several thousand tons of manuiactored iron 
per month. 

THE FORGE. 

The forging of iron has entered, of late years, so largely 


into the constructive arts, that the manufactures, how- 
ever perfect in the rolling-mill, would be very imperfect 
indeed without the forge. To the discussion of this part 
of the subject there are many indocemonta, and we can- • 
not but wonder at the many devices, and the numerous 
contnvanocs which present ^emselves for the attainment 
of the operations of the forge. In effecting these objects, 

Mr Nasmyth's steam-hammer Is evidently the most etfbc- 
live, and to that instrument we are indebted for the for- * 

mation and welding of iron upon a scale previously un- 
known to the workers in that metal. 

Mr Nasmyth took out bis patent for this invention 


{From Artich by William Esq^ O.iSL, VoL XU.) 
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John Leb, D.D., PrincipiLl of tlio Uiiivmitr of Edinburgh. 

A. H. Layaep, LL.D., Author of " Nineveh an«l ita liemainfi.” 

Sir John Leslie, late Professor of Natum! PhilosopJiy in the University of Edinburgh. 

J. C. Locpon, Author of ” Encyclopcwlia of Ganleuiug/’ &c. 
llev. Rubert Main, M.A^ F.U.A.S., &c., Obsm'atory, Greetiwlch. 

H. L. Mansbl, Reader in Moral and Metaphysical l^liilosophy, Mag«!alcn Ci>l!eg»% OEforil. 

TiiEotM>RE Martin. 

David Masson, M.A., Professor of English Literature iu University College, London. 

llev. Charles Merivalb, B.D., Author of a ** History of the Romans under the Empire," 4;e. 

James Mill. Author of “ Elements of Political Economy,’* &c. 

Joshca Milne, Author of Treatise on the Valuation of Annuities and Assurances," 

Richard .Munckton Milnes, M.P. 

Jambs Montgomery, Author of “ Grocnland, and other Poems," ifee. 

J. D. Morell; one of Her Majesty's Inspectors for Schools. 

The Right Hon. Lord Macaulay. 

The Right Hon. Sir James Mackintosh, LL.D., kc. 

Robert Mcsiiet, Royal Mint. 

Charles Maclaren, F R.S.E., &c. 

Charles Macintosh, Author of the “ Book of the Oartlen." 

J. il. M*Oullocii, Author of “ Commercial Dictionary," kc. 

Jambs NAriEit, C.E., Glasgow. 

Right Hon. Sir John M‘Neill, K.C.B. 

Laurence Oliphant, Author of the “ Russian Shores of the Black Sea." 

Richard Owen, F.R.S., British Museum. 

Antonio Panizzi, LL.D , Principal Librarian and Secretary’, British Museum. 

Acoustvb Petermak.n, F.R.G.S., fi:e. 

James Pillans, M.A., Professor of Humanity in the University of Eilinburgh. 

Sir Benjamin Pine. 

R. S. Poole, M.R.S L., Department of Antiquities, British Museum. 

Colonel PoRTLO( K, U.M.A., Woolwich, 

John Platfair, F.R.S., late Professor of Natural Philosophy in the University of Edinburgh. 
Tho>ias de Quincsy. 

W. J. 31. Rankins, Professor of Mechanics in the University of Glasgow. 

J. L. Ricardo, M.P. 

Sir John Richardson, K.B., Author of ** 2^oology of North America," &c. 

Sir John Robison, LL.D., late Professor of Natural Philosophy in the University of E«lt»burgh. 
He.nry Rooers, Author of tlic ** Eclipse of Faith," kc. 

Peter 31. Koubt, 31. D., Author of “Thesaurus of English Woirls and Phrases," &c. 

Rev. William Scorksrv, LL.D., Author of " Arctic Regions, and the Northern Wliale Fishery,” 

Sir Walter Scott, Bart. 

Leonard Schmitz, LL.D., F.R.S.E., Ate., Rector of the High School. Edinburgh. 

J. Y. SiMFsoN, M.D., Professor of Midwifery in the University of Edinburgh. 

Sir J. E. Smith, F.R.S., late President of the Linnaean Society. 

Licut.-Col. Charles Hamilton Smith, F.R S. 

William Spaldino, M.A., Professor of Logic and Metaphysics in the University of St ADdrews. 

S. G. Squire, Author of " Historv' of Nicaragua." 

Kobeut Stephenson, M.P., Fresideut of the institution of Civil Engineers, Aec. 

Alan Stevenson, F.R.S.E., C.E., Author of " Account of the Skerryvorc Lighthouse.*’ 

David k Thomas Stevrnson, Civil Engineers, Edinburgh. 

Duoald Stewart, F.U.SS. L. k E.,late Professor of Moral Philosophy in the University of Edinburgh. 
John Strano, IjL.D., Glasgow, 

Isaac Taylor. Author of the " Natural History of Enthusiasm," kc. 

Thomas Thomson, M.D., F.U.S., late Professor of Chemistry in the University of Glasgow. 

Edward Thornton, Author of ** Gazetteer of India," &c. 

Charles Tomlinson, Editor of a ** CyclopanUa of Useful Arts," &c. 

Thomas Tredoold, C.E. 

John Tulloch, D.D., Primarius Professor of Divinity, Si Andrews. 

William Wallace, LL.D., late Professor of 3Lathcniatics in the University of Edinburgh. 

Rev. David Welsh, D.D., late Professor of Ecclesiastical History iu the University of ^litilmigh. 
Right Rev. RiciiAan Whately, D.D., ilrchbUhop of Dublin. 

WiLLl-Ui WiiKWCT-L, D.D., Trinity College, Cambridge. 

George Wilson, 3I.D., Professor of Tocbnole^ in the University of Ediubuigh. 
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Daniel Wilson, LL.D., F.R.S.A., &c., Author of “ ArchaMilogy and Prehistoric Annals of Scotland." 
Thomas Youno, M.D., late Corresponding .Member of the Royal Institute of France. 
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